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THE VAGINAL SMEAR AS A DIAGNOSTIC AND 
PROGNOSTIC AID IN ABORTION 


RALPH C. BENSON, M.D. ann HERBERT F. TRAUT, M.D. 


From the Division of Obstetrics and Gynecology, University of California 
Medical School, San Francisco, California 












F THE vaginal smear could be employed as an accurate diagnostic and 
prognostic aid in abortion, our management of the accidents of early 
pregnancy might be greatly simplified. It is well known that every ob- 
stetrician-gynecologist is dissatisfied with a purely clinical approach to the 
problem of abortion. It is often difficult to decide whether a patient is 
pregnant or not. If she zs gravid and bleeding, the case may be one of 
abortion yet it may not necessarily mean that the pregnancy is terminated. 
Abortion, of course, may be threatened, incomplete, complete or missed, 
and either uterine or tubal. 

We have evaluated 724 stained vaginal smears in 201 cases of question- 
able or abnormal early pregnancy. Seventy-five of these cases were in- 
stances of spontaneous abortion. This report will present the characteristic 
vaginal smear changes in early pregnancy and abortion together with 
certain practical and implied values of this laboratory procedure. 

















REVIEW OF THE LITERATURE 







Papanicolaou (1) reported the first studies on typical changes in human 
pregnancy as revealed by the vaginal smear. He briefly emphasized that 
although the desquamated vaginal cells assume characteristic navicular 
forms even in very early pregnancy, a general evaluation of the smear is 
required for a diagnosis of pregnancy. 
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Ramirez (2) soon afterward published a study of the normal human 
vaginal smear. He also stated that one could diagnose pregnancy by cyto- 
logic characteristics of the slide preparations. However, he employed a 
quantitative estimate of the number of particular cells present rather than a 
qualitative appraisal of the smear. Papanicolaou (3) then exhaustively re- 
viewed the sexual cycle in the woman and elaborated on the changes during 
pregnancy as revealed by the vaginal smear. 

Stieve (4) was the first to contribute detailed information on the vaginal 
epithelium in cyclic change. Additional studies on the vaginal epithelium 
by Dierks (5) and Puccioni (6) appeared. Stieve (7) summarized the entire 
subject of the vaginal epithelium in pregnancy. He noted that active pro- 
liferation of the mucosa of the lower genital tract occurred in early 
gestation. The vaginal mucous membrane increased ir thickness from 
130-300 micra in the nonpregnant, functional woman to 300-400 micra in 
gestation. This hyperplasia occurred maximally in the mid-zone of the 
mucosa. Hence, Stieve noted a crowding and mutual distortion of the 
cells. These findings were reconsidered by Traut, Bloch and Kuder (8). 
They noted that the growth rhythm of the mucosa is related to the 
ovarian cycle. 

Papanicolaou (3, 9) divided the vaginal epithelium from which ex- 
foliated cells are derived into four zones. Other authors (10, 11, 12), how- 
ever, have maintained that the boundaries of these layers, even in the non- 
pregnant patient, are variable and are rather inconsistent. Adler (13) and 
Traut et al. (8), for example, demonstrated that during gestation, the su- 
perficial zone of cornified cells is virtually nonexistent. All authors agree, 
however, that the midzonal layer undergoes unusual hypertrophy and 
that most of the cells of the vaginal smear (navicular forms) are derived 
from this layer. 

Papanicolaou (1, 9) stated that as soon as delivery or abortion occurs, 
regressive ovarian changes begin. There is an abrupt and extensive de- 
structive phenomenon within a day or two of uterine evacuation and the 
vaginal epithelium undergoes extensive denudation. Gross and micro- 
scopic evidence of exfoliation is always present. Most of the cells are from 
the narrow superficial and wide midzonal layers. However, numerous cells 
also come from the deepest stratum—the external (outer) basal layer. 
These latter so-called deep or postnatal cells are usually compact, round 
or oval. The nuclei are sizable, slightly rounded, darkly staining and are 
displaced to one side. Perinuclear vacuoli are often seen. The occurrence 
of parturition, then, may be detected logically by cell variation in the-vagi- 
nal smear. Abortion is actually a puerperium in miniature. 

Nizza (14, 15) Fletcher (16) and Rodriquez (17) have elaborated upon 
the changes in the vaginal smear and in the vaginal biopsy specimen, fol- 
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lowing delivery. Papanicolaou (3) has stated that the epithelial cells in the 
postpartum vaginal smear are definitely characteristic of this period. The 
secretions are reminiscent of those of menstruation but the cells are en- 
tirely dissimilar. Nizza (15) reports slight differences in vaginal smear cells 
of patients delivered before the seventh month as contrasted with those 
after a term pregnancy. He suggests that it is more difficult to make defi- 
nite deductions from vaginal smears during the first four months of 
pregnancy than near term but insists that the diagnosis of pregnancy and 
abortion can frequently be made from the vaginal smear. 

Papanicolaou and Traut (9) and Papanicolaou, Traut and Marchetti 
(18) mention the vaginal smear changes in abortion only briefly. Fletcher 
(16) studied the histomorphology of the vagina with regard to changes in 
incomplete abortion: however, a study of abortion in general is not in- 
cluded. Bennett and Russell (19) then Bennett, Russell and Ramsey (20) 
studied vaginal smears in women throughout pregnancy: again, abortion 
was not considered. Cohen and Rubenstein (21) considered vaginal smears 
of a group of pregnant patients with a success in diagnosis of 84 per cent 
of 200 unknowns: but, it is not stated whether abortions were included. 
Schuman (22) described his experience with the vaginal smear in the 
diagnosis of pregnancy and in certain abnormalities of pregnancy. How- 
ever, he included only several cases of abortion. Fletcher (16) states that 
inner and outer basal layer cells, particularly when they are associated 
with large phagocytic histiocytes, are diagnostic of incomplete abortion. 
Hall (23) suggests that an increase in the cornification of the predominant 
epithelial cells in the vaginal smear may be used as an indication of im- 
pending abortion. Unfortunately, many of the authors (16, 22, 24, 25) 
who have contributed to the literature on the vaginal smear in pregnancy 
have employed variable and special ‘methods of smear preparation, or, 
they have used stains differing from the traditional Papanicolaou routine. 
Hence, easy comparison is impossible. 


MATERIAL AND METHODS 


Vaginal smears were obtained from patients who presented signs or 
symptoms of an abnormality of early. pregnancy. Whenever possible, a 
series of daily spreads was collected. These films were made at each exami- 
nation and smears were obtained before and after treatment. All prepara- 
tions were made according to the recommendations of Papanicolaou and 
Traut (9). The bulb aspiration tube was used to collect mucus from the 
posterior fornix prior to examination or instrumentation. Spreads of the 
vaginal mucus were made immediately on glass slides. These were fixed in 
a solution of ethyl alcohol and ethyl ether. With few exceptions, smears 
were stained with the Papanicoloau stain EA-50 and Orange-G (26). We 
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consider this technique best for staining cellular debris in moderatel) 
thick, bloody smears. 

The vaginal smears were studied and later correlated with the patient’. 
history and pathologic findings upon the tissue obtained at the time o/ 
surgery or completion of abortion. The only reference to the clinica! 
history was a brief résumé of age, parity, last menstrual period and the 
indication for the taking of the smear. 

An outline (Fig. 1) was followed in the evaluation of every spread: 
thereby, all the important features of the vaginal smear of pregnancy were 
considered. 


Fic. 1. OUTLINE FOR VAGINAL SMEAR EVALUATION IN 
COMPLICATIONS OF PREGNANCY 


Name of Patient: 
History No.: 
Smear No.: 














REMARKS: 


DESCRIPTION OF SMEARS: 





. Smear: Gross characteristics and stain (thick, thin, bloody, clear, chromatic) 





2. Cells: Pregnancy type: (Midzonal cells in groups or sheets. Small, curled, with well- 
defined periphery. Occasionally vacuolated, small nuclei. Numerous extruded 
nuclei.) 





3. Cells: Modified pregnancy type: (Midzonal or outer basal layer cells. Rounded, 
elliptical or flattened. ‘‘Abortion cells’: markedly eosinophilic, “bloody,” granular, 
almost inflated cells.) 





. Cells: Postnatal type: (Inner or outer basal layer ‘‘deep” cells; moderate to small, 
rounded, basophilic to brownish in stain with deeply staining round nuclei.) 





5. Blood, Mucus, Detritus: (Erythrocytes—number, staining characteristics. Fibrina- 
tion. Hyperchromatic granules on epithelial cells. Mucus. Endometrial, tropho- 
blastic or fetal elements.) 





. Leukocytes, Lymphocytes, Histiocytes: (Types, size, grouping, vacuolation, phagocytic 
activity.) 





. Bacteria, Fungi, Trichomonas: (Predominant flora—bacilli or cocci. Flagellates— 
including “‘orange cornification,’”’ Mycelia, spores.) 





. Impression: (Smear appraisal) 
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RESULTS 


Our interpretation of the vaginal smears in cases of questionable or ab- 
normal early pregnancy is summarized in Table 1. 


TABLE 1. APPRAISAL OF VAGINAL SMEARS 





Par- | Diagno- | 


tially | sis im- | Debat- 


| Number | centage 
correct 


Final Incor- 


| Correct | 


| 
| 
+6 sig | . | ‘ 
( S1i > | e 
liagnosis | rect | correct | possible | able 
| | | | 





‘‘Normal’”’ 


pregnancy 28 35 





Abnormal 
pregnancy 





Threatened 
abortion 





Complete 
abortion 





Incomplete 
abortion 





Tubal 


abortion 





Missed 
abortion 





Pregnancy 
excluded 





Incomplete 
case study 0 








Total 134 





Percentage 66.6 | 5.5 Si oe 4.0 | 


Since disagreement between the vaginal smear interpretation and the 
clinical record is entirely possible, several of our cases have been classified 
as “debatable.” At times, we were able to report a pregnancy although 
infection may have obscured the signs of abortion. Therefore, the category 
“partially correct” is offered. Occasionally, a reliable appraisal of smears 
could not be made because of technical faults. We employed the category 
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“diagnosis impossible”’ for these cases. Important observations were ofte: 
made in the “incomplete case study”’ patients, despite lack of complet: 
follow-up. We have permitted the inclusion of these cases as a minor par‘ 
of the over-all report. 

We have found almost complete agreement between two or three vagina| 
smears taken from the same patient on any one given day and be ieve tha! 
a thorough evaluation of one or two well-stained smears per examinatio:: 
will generally give all the information required (Plate 1). 


Pregnancy 


The diagnosis of pregnancy can be made by the vaginal smear method 
alone in a large percentage of cases, as our results indicate (Plate 1). We 
have diagnosed pregnancy as early as the third week. Vaginitis or cervicitis 
may alter the picture. However, increased mucus or the presence of leuko- 
cytes usually will not obscure the presence of pregnancy cell groups. A 
cautious interpretation of vaginal smears of women in the menopausal 
years should be insisted upon. Occasionally, in these patients, one may 
note midzonal pointed and curled cells reminiscent of the navicular cells 
seen in the pregnancy smear. However, if all the features of the vaginal 





PuLaTE I. VAGINAL SMEARS IN ABORTION 
(Stained with Papanicolaou EA-50 and Orange-G) 


. Normal Pregnancy. First trimester. Groupings of basophilic navicular cells from 
midzonal layer: ‘“‘pregnancy ceils.’’ Leukopenia. (400). 
. Incomplete Abortion. Modified pregnancy-type cells. Deeply eosinophilic upper 
layer cells and basophilic basal layer cells. Leukocytosis. (400). 
3. Incomplete Abortion. Intense acidophilia of deep and superficial cells. Dense, 
reddish, deep, ‘‘abortion cells.’’ Leukocytosis. (400). 
. Incomplete Abortion. Reappearance of large, flat, superficial cells without preg- 
nancy characteristics. Numerous basal layer ‘“‘postnatal cells.”” (400). 
. Incomplete Abortion. Eosinophilia of all elements. Deep cells present. Phagocytosis 
~ extreme. Collection of leukocytes and histiocytes about cellular and trophoblastic 
debris in “rosettes.”’ (270). 
. Incomplete Abortion—Histiocytes. Typical vacuolated, “foamy” histiocytes, 
leukocytes, erythrocytes and bacilli. (850). 


PLATE I. VAGINAL SMEARS IN ABORTION 


. Normal Pregnancy . Incomplete Abortion 


. Incomplete Abertion . Incomplete Abortion 
(“Bloody”’ cells) (Deep cells) 


. Incomplete Abortion . Incomplete Abortion 
(Leukocytic ‘‘rosettes’’) (“Foamy”’ histiocytes) 











a 


(See opposite page for legend) 
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spread in gestation are considered (free nuclei, groupings, basophilia, 
bacteria) an error will be avoided. 










Threatened abortion 


Threatened abortion may be diagnosed from the vaginal smear by noting 
pregnancy-type navicular cells together with moderate cornification and 
blood or fibrination of erthrocytes. Old, decolorized or poorly stained eryth- 
rocytes must not be mistaken for extruded nuclei. A trend toward 
eosinophilia of the exfoliated cells in the absence of gross genital tract in- 
fection or infestation with the trichomonad—which causes an orange color- 
ation of most all the cells—suggests an insecure pregnancy. 














Incomplete abortion 


The presence of numerous deep cells from the outer or inner basal layer, 
we believe, is definite evidence of the termination of an early pregnancy— 
whether the products of conception have been expelled or not. There is also 
a gross shift toward eosinophilia, and highly cornified midzonal or outer 
basal “abortion” cells make their appearance. Increasing numbers of eryth- 
rocytes and macrophages, as well as heavy strands of mucus and a dis- 
appearance of bacteria with appearance of cocci complete the picture of 
imminent or incomplete abortion (Plate 1). It is generally agreed that the 
expulsion of the products of conception may be delayed one to three weeks 
after the apparent death of the embryo (27, 28). Hence, evacuation of the 
uterus immediately after the onset of uterine bleeding may not occur. 
















Complete abortion 


Technically, the term ‘“‘complete”’ abortion as applied to the evacuation 
of an early pregnancy is a misnomer, despite the expulsion of a grossly 
intact embryo and placenta. Sheets of decidua and minute placental frag- 
ments invariably remain. It is recognized that cells of the trophoblast 
survive deep in the myometrium after delivery or abortion. These latter 
elements will maintain a positive Aschheim-Zondek reaction and other 
signs of pregnancy for days or even weeks after evacuation of all recog- 
nizable products of conception; and this in the absence of mole destruens 
or chorionepithelioma. Residual fetal tissue and detritus must be elimi- 
nated eventually by the uterus as evinced by the persistent, sanguinous 
cellular discharge. Eventually, we have a complete abortion. 

In cases in which considerable tissue is retained, there is usually gross 
infection, with cocci predominating and many phagocytes. Numbers of 
leukocytes collect about the cellular debris or in streaks of mucus. Such 
star-shaped leukocytic groupings have been called ‘‘rosettes’” and these, 
together with vaculoated or “foamy” histiocytes suggest incomplete 
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abortion. Unfortunately, the difference between the vaginal smear of » 
patient with minimal retention of tissue and that of a patient with a so- 
called complete abortion may be only a matter of degree. Therefore, we 
cannot expect the vaginal smear to be too reliable in making this dif- 
ferentiation. 


Tubal abortion 

The diagnosis of the termination of ectopic pregnancy by the smear 
method is admittedly most difficult. In ectopic pregnancy, the signs o/ 
normal gestation persist until tubal abortion occurs. Then, smear changes 
similar in many respects to both uterine abortion and missed abortion arc 
observed. In both uterine and tubal abortion, a trend toward eosinophili: 
is noted early but is maintained in tubal abortion. However, there is 
generally less blood and mucus in the smear of tubal abortion; leukocytosis 
and particularly rosette-formation of phagocytes are uncommon. Tropho- 
blastic debris in the vaginal smear of tubal abortion is of course never seen. 

It must be emphasized that the earlier the gestation, the more difficult 
it is to diagnose pregnancy or abortion by the vaginal smear. Likewise, the 
older an abortion or neglected accident of early pregnancy, the less likely 
we are to arrive at a complete, accurate impression with smears. In an 
abortion after about ten ‘days of bleeding, a series of daily vaginal smears 
may aid in the interpretation but the smear should be a confirmatory 
method rather than a primary means for diagnosis. 


Missed abortion 


Our experience with the vaginal smear is missed abortion has been 
limited. The smear of a missed abortion, however, is regressive. These is 
a persistence of the modified, pyknotic pregnancy-type navicular cells. 
Abnormal cornification is maintained, but with the absence of numerous 
outer basal layer cells. There is minimal mucus and few leukocytes. There 
are many cells showing pigment granules either in or on their cytoplasm. 
It is difficult to escape the conclusion that deep cells appear after the 
elimination of a large part of the placenta. This is in keeping with the 
general idea that the placenta is the source of hormones which affect the 
vagina during pregnancy. 


The value of vaginal smears in therapy 


Patients who bleed during the first trimester of gestation often are con- 
sidered to be candidates for hormone therapy in an attempt to preserve 
the pregnancy. If they are studied by vaginal smears, however, many of 
these patients will be found to have already aborted when first seen. Deep 
cells will be present, leukocytic rosettes and the like will be seen; yet, 
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there will be no history of passage of tissue. If estrogens are administered, 
a styptic effect and suppression of uterine irritability ensues. A false sense 
of security is the result and clinical evacuation of the uterus is postponed. 
However, should the vaginal smear show less serious findings—erythro- 
cytes, and only slight modification in the type of epithelial cells present— 
one might be willing to treat the patient with hormones and follow her 
course by subsequent daily vaginal smears. The persistence of bleeding, 
gross infection or the appearance of deep cells, will argue the futility of 
continued therapy. 

In our hands, the vaginal smear has proven most helpful in the elucida- 
tion of cases of pseudocyesis, secondary amenorrhea of functional origin 
and the amenorrhea of early menopause. A comparison of the significant 
vaginal smear characteristics in pregnancy, in the various types of abor- 
tion and in secondary amenorrhea is presented in Table 2. 


TABLE 2. SUMMARY OF VAGINAL SMEAR CHARACTERISTICS 


“NORMAL” | THREATENED |. COMPLETE INCOMPLETE TUBAL MISSED erg 
PREGNANCY | ABORTION | ABORTION | ABORTION | ABORTION | ABORTION | “DED 





SMEAR TYPE | thin | moderate thick | thick moderate | scant moderate 
} granular | mucoid sanguinous mucoid | thick | grumous | thin 
| milky ~ | colored | sanguinous | sanguinous| brownish whitish 





PREGNANCY CELLS | numerous numerous | oceasional | numerous modified modifed, | none 
| typical | typical modified | modified | rare groups scattered 
grouped | grouped scattered rare groups | | 





many occasional | none 


ABORTION CELLS | none | none rare | many g 
| | typical | typical or | modified 
modified 





| | | | : | 
DEEP CELLS | | numerous | many | occasional | rare | very 
| | rare 
| 





occasional | none 
| 


| 
ERYTHROCYTES none frequent many | very | numerous 
} many 





LEUKOCYTES | rare to numerous many | many with occasional occasional 


‘ 


| occasional “rosettes” 





HISTIOCYTES | none | numerous numerous, | none | rare to none 
| with | | occasional 
“rosettes” } 








BACTERIA | lacto- | bacilli mixed | cocci | mixed | mixed mixed 
bacilli | andsor cocci | } 





MUCUS thin thin slight to | thick | slight | slight | slight 
slight moderate | moderate | copious | 





DETRITUS none none rare | rare 
decidua | decidua | 
endometrium | endometrium | 

| trophoblast | 





In bleeding states due to hyperestrogenism and carcinoma, the smear 
can be relied upon to give prompt vital information. A review of our suc- 
cess and failure in the interpretation of the vaginal smear in this study of 
abnormal pregnancy reveals a higher incidence of commission than omis- 
sion. Hasty decisions and unwillingness to admit that a smear was incon- 
clusive resulted in certain of our mistakes. Briefly, the apparent reasons for 
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error may be outlined as follows: 
1. Failure to follow a complete check-off plan. 
2. Poor preparations: smears too thick, too thin, dried preparations, 
poor staining. 
3. Presence of gross vaginal-uterine infection. 
4. Hormone therapy. 
5. Failure to obtain a series of slides in each case. 


DISCUSSION 


Trial and development of new methods and stains are desirable for 
progress in cytology. However, thus far, we believe that in vaginal smear 
studies involving abnormal pregnancy, the traditional Papanicolaou tech- 
nique and the use of his stain combination EA-50 and Orange-G is the 
best procedure. Thick mucus and blood films are easily penetrated by 
these stains which are most reliable also for cancer work. 

Swabbing, scraping and other special methods whereby the speculum, 
glove or applicator are employed to obtain vaginal cells permit unequal 
sampling, traumatic exfoliation, the admixture of lubricant and foreign 
fiber as well as the production of peculiar spreads. Deep cells, for example, 
can be readily obtained by swabbing the vaginal walls in even normal 
pregnancy; sheets of cells may confuse the picture and false interpretations 
may be reported. The objection (22) that aspiration may collect debris, 
pus and blood which will confuse the technician, is not tenable. One must 
be able to compare the abnormal with the normal vaginal smear; and fetal 
elements, rosettes of histiocytes, etc., recovered from the posterior vagina, 
fornix may be highly diagnostic in themselves. 

We cannot subscribe to Schuman’s (22) statement that pregnancy can 
be diagnosed by the cornification in the vaginal smear. Cornification is 
rare in normal pregnancy. His case (22) of missed abortion which showed 
lack of cornification in the vaginal smear did present other regressive 
traits in keeping with abortion with prolonged retention of the products of 
conception. 

Hall’s (23) quantitative estimation of the ovarian hormone activity 
(estrogen-progesterone ratio) by a 1—7 gradation of cornification in vagina! 
smears is entirely theoretic in background. There is no available study of 
cornification of epithelial cells in vaginal smears in pregnancy and an 
adequate comparison of our cases with his is impossible. It is obvious that 
cause and effect in staining variations are easily confused. In any event, 
we have not been able to confirm Hall’s finding that progesterone reduce- 
cornification in the vaginal smears of pregnant patients. 

Our studies indicate that deep cells are numerous and are easily recog- 
nized in most cases of uterine abortion, even as early as the second month. 
This is also the experience of Papanicolaou et al. (1, 3, 9, 18, 29) Fletche: 
(16) and Schuman (22) despite Nizza’s (14) statement to the contrary. 
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We consider these cells highly reliable criteria in the diagnosis and prog- 
nosis of abortion. 

Fletcher (16) believes that deep cells—outer and inner basal layer 
elements—are diagnostic of incomplete abortion. However, deep cells are 
also present in complete abortion, tubal abortion and in the smear of the 
puerperium. The same author describes large monocytes displaying active 
phagocytosis and degeneration as being usual in the smear of incomplete 
abortion. Fletcher states that these cells are present in almost all smears 
of abortion of this type, regardless of the staining technique used. We find 
that large phagocytic macrophages are not commonly seen, even in se- 
quential smears in incomplete abortion. When they are observed, however, 
they are very good evidence of retained products of conception. 

Many abortions are probably due to fetal maldevelopment, particularly 
those of nidation and placentation (27, 30). In such cases the patients may 
show progressive trends toward abortion, were we able to follow these 
women by appropriate hormone analyses. It seems logical that signs of a 
failing pregnancy may be reflected in the vaginal smear before the actual 
onset of vaginal bleeding and loss of tissue. 


CONCLUSIONS AND SUMMARY 


1. The diagnosis of pregnancy can be accurately made in a large pro- 
portion of cases using stained vaginal smears alone. 

2. A comparison between the significant vaginal smear characteristics 
in pregnancy, in the various types of abortion and in secondary amenorrhea 
is presented. 

3. A trend toward abortion can be determined by vaginal smears and 
the termination of pregnancy established. In this way, unnecessary or 
futile therapy may be obviated. 

4. The vaginal smear can supply suggestive evidence of incomplete 
abortion. However, the accurate differentiation between complete and in- 
complete abortion is usually not possible. 

5. Ectopic pregnancy and missed abortion show certain distinctive 
vaginal smear modifications which are of considerable aid in diagnosis. 

6. A series of stained vaginal smears.is of great value in the diagnosis, 
prognosis and treatment of the accidents and complications of early preg- 
nancy. 
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RADIOACTIVE IODINE UPTAKE IN THE HYPER- 
METABOLISM OF ACROMEGALY 


E. P. McCULLAGH, M.D., A. GOLD, M.D. ann 
J. B. R. McKENDRY, M.D. 
From the Cleveland Clinic and the Frank E. Bunts Educational Institute, Cleveland, Ohio 


S EARLY as 1897 Magnus Levy (1) noted that certain manifestations 
of hyperthyroidism. including tachycardia, goiter, and increased oxy- 
gen consumption, were also to be found in some cases of acromegaly. This 
observation received support from the data of Boothby and Sandiford (2), 
who found that half of 30 patients with acromegaly had basal metabolic 
rates above plus 10 per cent. In 1927 Cushing and Davidoff (3) in their 
study of 100 cases of acromegaly found that 54 per cent of the 72 patients 
tested had basal metabolic rates above normal. The values ranged up to 
plus 61 per cent and the average was plus 18.6 per cent. In the 100 patients 
there were 25 with goiter and of these 15 had hypermetabolism (4). It was 
pointed out, however, that the association of these two conditions was 
rendered less significant by the fact that in 75 per cent of the cases of hy- 
permetabolism the thyroid was not even palpable. Subtotal thyroidectomy 
was performed in 3 of the patients with goiter and a moderate decrease in 
metabolic rate occurred, but the thyroid tissue which was removed showed 
none of the histologic characteristics of hyperactivity. It was concluded 
that ‘‘the e’evated metabolism . . . must be ascribed to some cause other 
than the hyperthyroidism alone.” 

Davis (5, 6) found enlarged thyroids, usually nodular in type, in 86 of 
166 cases of acromegaly. In this group the average basal metabolic rate 
was plus 14.7 per cent and it was elevated above plus 10 per cent in 52 per 
cent of the subjects tested. The greatest increases in basal metabolic rates 
occurred in patients with adenomatous goiters. In 16 patients the goiters 
were successfully resected and postoperative metabolic studies carried out. 
A “prompt and decisive”’ fall in basal metabolic rate occurred in only 3 
instances. 

In the light of prevailing concepts regarding pituitary-thyroid relation- 
ships the mechanism which most easily explains the occurrence of hyper- 
metabolism in acromegaly is excessive thyrotropin secretion occurring in- 
cidentally to eosinophil hyperplasia and excessive growth hormone pro- 
duction. 

Friedgood (7) favors this view. He adduces as proof the lowering of 
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metabolism by iodine therapy in 3 patients from three different sources. 
One of these patients was from the series of Cushing and Davidoff and had 
there been regarded as a ‘‘notable exception.” 

In the past few years a new tool has become available for estimating 
the activity of the thyroid in man. The rate of uptake by the thyroid of 
an orally administered tracer dose of radioactive iodine has been shown to 
be correlated with the physiologic activity of the gland as reflected by 
clinical findings, by basal metabolism determination, and by the histology 
of the tissue removed at operation. Thus this technic provides a new oppor- 
tunity to study the mechanism of hypermetabolism in acromegaly. 


TABLE 1 








| | Duration my | 
| Age | of disease ! Character of thyroid gland 
| (yrs.) | (yrs.) uptake 


| 





| Enlarged, with numerous small 


6% 








| 9 yrs. 20% nodules. 


20 10% | Very large (200 Gm.). 








10 25% | Not enlarged. 
| 





10 | 40% | Not enlarged. 





30% Thyroidectomy. No recurrent tis- 
sue palpable. 





10% Not enlarged. 





25% Thyroidectomy for hyperthyroid- 
ism 10 yrs. before onset of acro- 


megaly. 











A report by Werner, Quimby and Schmidt (8) mentions that a number 
of acromegalic patients tested showed tracer iodine uptakes within the 
normal range but the basal metabolic rates were not correlated in these 
cases. 

In the present study radioactive iodine (I'*!) from Clinton Laboratories, 
Oak Ridge, was administered orally in doses of 100 to 400 microcuries to 
each of 7 acromegalic subjects in the fasting state. Two hours after ad- 
ministration of the test dose, radioactivity was measured at the skin sur- 
face over the thyroid with a Victoreen portable Geiger counter and the 
number of counts obtained was calculated as the percentage of the total 
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in the dose given. As far as could be determined, none of the subjects had 
previously been receiving extra-dietary iodine or aveaepreee substances. 
The results are presented in Table 1. 

In Cases 2 and 5 a diagnosis of hyperthyroidism had originally been 
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FIGURE 1 


made on the basis of tachycardia, tremor, weight loss and goiter. In Case 7 
there had also been a thyroidectomy for hyperthyroidism, but this pre- 
ceded by ten years the onset of manifestations of acromegaly. In the others 
(including Case 1, with a basal metabolic rate of plus 51 per cent), there 
were no subjective manifestations of thyroid overactivity. 

It is apparent that no relationship exists between the basal metabolic 
rates and the radioactive iodine tracer uptakes in these patients. However, 
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it was thought desirable to compare the uptakes in acromegalic patients 
with groups of normal persons and of patients with proved hyperthyroid- 
ism, of similar age and sex distribution. These control groups consist of 
consecutive patients in whom radioactive iodine uptake studies were con- 
ducted at about the same time and by the same technic as in the acro- 
megalic patients. 

The basal metabolic rates and radioactive iodine uptakes of the normal 
hyperthyroid and acromegalic groups are correlated in the scatterdiagram 
(Fig. 1). It is evident that there is, in general, a separation of the cases of 
acromegalic hypermetabolism from the cases of hyperthyroid hypermetab- 
olism, although there is a slight overlapping of all three groups. 


DISCUSSION 


The finding of low or low-normal uptakes of radioactive iodine in the 
hypermetabolism of acromegaly supports the view that thyroid over- 
activity alone cannot account for the accelerated metabolism noted in 
these patients. These data are in keeping with the observation that this 
type of hypermetabolism is not sensitive to ordinary doses of propyl- 
thiouracil (9, 10). The probable source of this extra-thyroidal hypermeta- 
bolic stimulus is, of course, the pituitary gland. 

There is good experimental evidence in the reports of O’Donovan and 
Collip (11, 12, 13) for the existence of a metabolism-stimulating principle 
in the pituitary. These workers described a specific metabolic stimulant 
which increased the oxygen consumption, depressed the respiratory quo- 
tient, and increased the body temperature of thyroidectomized rabbits. 
Adrenalin was held to be excluded as a possible mediator by the fact that 
there was no associated hyperglycemia. The factor was differentiated on 
the basis of several chemical and physiologic properties from prolactin, 
growth hormone, and thyrotropin. 


SUMMARY 


The uptake of test doses of radioactive iodine in 7 cases of acromegaly 
with hypermetabolism was found to be low or normal. This finding con- 
trasts with the high radioactive iodine uptake in cases of hyperthyroid 
hypermetabolism, when measured by the same technic, and is adduced as 
further evidence for the existence of an extra-thyroidal metabolic stimulus 
in acromegaly. 
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A COMPARISON OF ANDROGENS DETERMINED 
BIOLOGICALLY AND 17-KETOSTEROIDS DE- 
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AND WILLIAM T. SALTER, M.D. 


From the Laboratories of Pharmacology and Toxicology, Yale University 
School of Medicine, New Haven, Connecticut 


URING the last fifteen years estimations of the urinary excretion 

of 17-ketosteroids and androgens have been made in a variety of 
clinical disturbances with the hope that they might give some indication 
of the functional status of the testis and the suprarenal cortex (1, 2, 3, 4). 
The question of the relative significance of biologic assay for androgens 
and chemical analysis for 17—ketosteroids, when applied to suitably pre- 
pared urine extracts, has been raised repeatedly. It is the primary purpose 
of this paper to compare, in several distinct clinical syndromes, the re- 
sults obtained by the two methods with the same urine extracts. We were 
particularly interested to learn whether the decreased urinary 17-ketos- 
teroid excretion in gynecomastia previously observed by Salter, Klatskin 
and Humm (5) would be reflected in lower excretion of androgens also. 


EXPERIMENTAL PLAN 


Three groups were selected among male patients who might be expected 
to exhibit evidence of androgenic disturbance. In addition, a group of 
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normal control individuals was assembled. From these subjects, 24-hour 
urine specimens were collected and assayed for content of a) 17-ketoster- 
oids, b) androgens, and c) gonadotropins. 


1. Controls 


The control group of male subjects included a rather wide range of ages 
to correspond to the similar distribution among the pathologic groups. 
Individuals with obvious endocrinopathy of any sort were excluded. 


ll. Hypogonadism 


Cases of delayed adolescence or of adult eunuchoidism, with or without 
homosexual psychic trend, were selected from an ambulatory clinical and 
student population. To the layman, many of these individuals would pass 
as normal; but a careful screening by student health or periodic physical 
examinations had revealed hypogonadism. In the majority of the group 
small or atrophic testes, oligospermia or aspermia, or poorly developed 
secondary sex characteristics were found; but in some instances the pre- 
senting problem lay more in the psychiatric field, with a greater or less 
tendency toward lack of masculine personality traits. 


III. Hepatic disease 
This group comprised individuals with chronic liver disease, either (a) 


without gynecomastia or (b) with gynecomastia. Such patients tended to 
show evidence of subnormal testicular size and activity. 


IV. Gynecomastia 


Although nowadays severe malnutrition is rare in the United States, a 
number of gynecomastic individuals can be found in the adult or adolescent 
population. These persons are to be distinguished from those with fatty 
‘“‘nseudo-gynecomastia” by the presence of a firm button of fibrous, edema- 
tous tissue beneath the areola (6, 7). In some cases, a trivial watery secre- 
tion from the tender nipple was reported. In addition, oligospermia and 
small testes were noted. An occasional history of testicular tenderness, but 
not frank orchitis, was obtained. Cases of gynecomastia secondary to 
therapy with stilbestrol were excluded, e.g., in prostatic cancer. However, 
cases accompanying the severe malnutrition of non-tropical sprue were in- 
cluded in this category, even though there was some evidence of deranged 
liver function, because the hepatic disturbance was regarded as secondary 
to poor assimilation of foodstuffs. Of the 13 patients with gynecomastia 
studied, 7 showed evidence of hepatic cirrhosis or hepatitis; and 1 had 
chorionic epithelioma. 
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METHODS 


A sample of each 24-hour urine specimen was subjected to the standard 
hydrolysis, extraction and fractionation procedure in use in our laboratory 
(8). This involves boiling the urine seven minutes after the addition of 10 
per cent by volume of concentrated hydrochloric acid, repeated extraction 
with ether in separatory funnels, and separation of the ether extract into 
neutral and phenolic fractions. Aliquots of the neutral fractions were then 
assayed for 17-ketosteroids and androgens by microchemical and biologic 
assay methods, respectively. 

Estimation of 17—ketosteroids was made by the method of Cahen and 
Salter (9), a modification of the Zimmermann method, which obviates 
“color corrections” by removing the bulk of “background pigments”’ after 
color development by a simple extraction procedure. 

The androgenic activity of the urine extract was estimated by a bioassay 
method based on increase in size of the comb of the baby cockerel in re- 
sponse to androgens applied directly to the comb. The procedure used was 
similar to that of Rakoff, Paschkis and Cantarow (10). 

An appropriate aliquot of the neutral fraction in alcohol was diluted with 
alcohol and ether in such a way that the final solution was 1:20 alcohol- 
ether. It was applied externally to the combs of two-day-old baby cockerels 
in daily doses of 0.05 ml. for seven days. The animals were killed on the 
eighth day, the comb ablated and immediately weighed. Each urine extract 
was tested on a group of 10 chicks, and the response of the group expressed 
as mean comb weight per 100 grams of body weight. The potency of the 
extract was estimated by comparison with the effect on three similar 
groups of chicks treated with androsterone standard at increasing dosage 
levels. 

The assay procedure for androgenic activity shows high sensitivity, 
namely in the range of 1.25 to 20 micrograms of androsterone for total 
dose. The reproducibility of the method, however, is only fair, and the 
standard error is from +50 to —30 per cent. 

For the estimation of gonadotropic activity, half of fresh 24-hour urine 
specimens was used. The end-point, although expressed in terms of ovarian 
follicle-stimulating effect, was in fact read from the second-order, indirect 
uterine response. The unit selected was that amount of gonadotropin solu- 
tion which would yield a doubling of the uterine weight of the 21-day-old 
immature mouse. The method is an adaptation of the procedure described 
by Klinefelter e¢ al. (11) but it has the added advantage of giving a con- 
tinuous numerical scale of readings. The procedure follows: 


The fresh sample of 24-hour urine was acidified with acetic acid to pH 4.0 and filtered. 
Five volumes of 95 per cent alcohol were added, and after 24-hours’ settling in the ice-box, 
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the supernatant fluid was largely removed by decantation. The residual sludge was 
centrifuged free of liquid, washed with ether and centrifuged again to remove the 
ethereal solution containing estrogens. It was then dried in vacuo and the dry precipitate 
was leached three times with water. The resulting aqueous solution was dialyzed in a 
‘Viscose”’ cellophane casing against running tap water for four to six hours. The dialy- 
sate was then treated with five volumes of 95 per cent alcohol, and the resulting precipi- 
tate centrifuged off. Again, a washing with ether, followed by centrifugation, was 
employed to remove possible traces of estrogens. After drying, this extract could be 
stored in an ice-box for many weeks without apparent loss of potency. Twenty-four hours 
before assay it was extracted with six ml. of water, with due care to ensure complete 
trituration of gross particles or flakes. 

The next day a series of appropriate dilutions in physiologic saline was prepared for 
injection into immature (21-day-old) mice of the Rockland Farm strain. Each animal 
received a series of six subcutaneous injections spaced over a period of seventy-two 
hours. Twenty-four hours (precisely) after the last injection, the animals were sacrificed 
and the uterus excised. The organ was freed carefully from the pelvic ligaments, laid 
open by a sagittal section through the anterior wall, gently blotted dry with “bibulous”’ 
paper (manufactured by H. Reeve Angel & Co.) and quickly weighed on a roller-torsion 
balance. 


In evaluating the series of responses, the dosage-response curve of each 
urine was inspected and the dose ascertained which produced an average 
uterine weight twice that of the untreated control animals. Therefore, the 
mouse-uterine-unit (m. u. u.) so constituted can be defined as the amount 
of urinary gonadotropin which will produce a doubling of the uterine 


weight of the 21-day-old mouse (Zarrow and Salter (in press)). 

In certain instances the alternative procedure described by Klinefelter 
et al. (11), originally reported by Varney and Koch (12), was used, since 
it has been shown to cause no significant change in the results (11). 


EXPERIMENTAL FINDINGS 


The results of our observations are presented in four charts. In Figures 
1 and 2, the 17-ketosteroid and androgen values are plotted in ‘“rank- 
distribution”’ so as to bring out not only the differences between the means 
of the groups, but also to picture clearly the range of the individual 
values. The “rank-distribution,” a well-established biometric procedure 
(13), involves merely arranging a series of measurements in order of in- 
creasing magnitude. The respective ranks are laid out on a percentile 
seale; their position on this scale depends on the total number of cases in 
the group. The data are assumed to be normally distributed with more 
values near the mean (50 on the lower scale), and the scale is, therefore, 
properly adjusted to transform the curve into linear form. 

In Figure 1 the androgen values are presented and it will be observed 
that although the values for the normal controls rise higher on the ordinate 
than do those for the hypogonadal subjects, they do not appear to be sig- 
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nificantly different, and we have confirmed this by appropriate statistical 
calculations. Both of these groups show results which are distinctly higher 
than in the other two, namely in gynecomastia and liver disease, which in 
our series also do not differ significantly from each other. 

The data for 17-ketosteroids are given in Figure 2. As in Figure 1, the 
values for normal males and the hypogonad males run significantly higher 
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Fic. 1. Arrays of four groups of individuals, showing daily excretion of urinary 
androgens as determined ‘by biologic assay. The normal controls and “hypogonad”’ 
individuals form merging populations. Quite distinct from these are the cases of liver 
disease, which merge with those cases showing concomitant gynecomastia and liver 
disease. In each array the data are arranged in order of increasing hormone excretion. 


than in the other groups, although the difference between them is less well 
defined than it is when the androgens are determined biologically. The 
upper range of 17-ketosteroids for the gynecomastia group tends to reach 
a rather high level. This phenomenon is hardly evident in Figure 1 which 
shows the androgens. 

Correlation between 17-ketosteroids and biologically determined silat. 
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In Figure 3, the 17-ketosteroid and androgen observations on the 4 groups 
of cases are charted. Androgens are expressed on the ordinate and 17- 
ketosteroids on the abscissa, both in terms of equivalent amount of andros- 
terone. The computed correlation coefficient for these data is 0.73, which 
is considerably higher than that found by Holtorff and Koch (i.e., 0.42) 
(14). It may be suggested that restriction of our observations to four 
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Fic. 2. Arrays of four groups of individuals, showing daily excretion of urinary 
17-ketosteroids as determined microchemically. The normal controls and “hypogonad” 
individuals form merging populations. Quite distinct from these are the cases of liver 
disease which merge with those cases showing concomitant gynecomastia and liver 
disease. In each array the data are arranged in order of increasing 17-ketosteroid excre- 
tion. 


clinically distinct groups of subjects is responsible for the improvement in 
the correlation coefficient. Our general conclusion that determination of 
the 17-ketosteroid excretion provides a reliable guide to the androgen. ex- 
cretion is subject to certain reservations. First, our conclusion is confined 
to the four types of subject studied. Second, as is shown in Figure 3, the 
ratio of androgen to 17-ketosteroid excretion is lower for the gynecomastia 
and liver disease groups than it is for normal and hypogonad males. In 
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order to compute expected androgen excretion for 17—ketosteroid values. 
it is thus evident that different conversion factors would be required fo: 
different clinical syndromes. 

Our data suggest strongly that the relative concentrations of the i7- 
ketosteroid constituents of urine extracts from patients with gynecomasti: 
or liver disease are markedly different from those from normal and hypo- 
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Fic. 3. Correlation between biologic assays of urinary androgens and microchemical 
determinations of urinary 17-ketosteroids. The dotted lines indicate the computed 
equivalent (factor) for converting 17-ketosteroid measurements into biologic activity 
(in terms of androsterone). Note that the groups involving liver dysfunction exhibit « 
qualitative difference from the combined populations of normal and “hypogonad” 
individuals. 
gonad men. Since androsterone is the chief, if not the only quantitatively 
important androgenic steroid in the extracts, its excretion must be greatly 
reduced in gynecomastia and liver disease. Thus, our earlier suggestion 
(5) that the decreased 17-ketosteroid excretion in gynecomastia also in- 
dicates lowered androgen excretion, has been substantiated even morc 
conclusively than might have been anticipated. 

A similar correlation diagram is presented in Figure 4, for gonadotropit: 
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excretion as compared with “androgens” computed from 17-ketosteroid 
values. In this instance, the “computed androgens” were obtained by using 
one conversion factor for normal and hypogonad individuals and another 
factor for gynecomastia and liver disease (cf. Fig. 3). This chart, therefore, 
shows a somewhat different distribution of values than did a similar dia- 
gram (not published) in which the observed 17-ketosteroid values were 
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Fig. 4. When the urinary gonadotropins are low, they bear no obvious relation to 
the urinary androgens (as computed from the 17-ketosteroid values). At higher excre- 
tions of urinary androgens, the gonadotropins tend first to rise and then to fall. Possibly 
this reversal is conditioned by the disease syndrome; or possibly it reflects reciprocal 
pituitary-target gland interrelationships. 


plotted. In a sense the ‘‘computed androgen”’ values may properly be con- 
sidered as a pooled androgen-17-ketosteroid value with some smoothing 
also introduced by use of the group conversion factors. No obvious rela- 
tionship between gonadotropin excretion and androgen or 17-ketosteroid 
excretion is apparent in Figure 4, and similar charts of observed androgen 
or 17-ketosteroid values were no more revealing. 
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DISCUSSION 


The 17-ketosteroid values determined chemically fall at much higher 
levels than those of the androgen values determined by biologic assay, as 
would be anticipated from the facts, a) that the chemical method measures 
biologically inert steroids as well as active androgens, and b) that in ex- 
tracts of human urine there are no androgens of quantitative significance 
which are not 17-ketosteroids. The result is a marked divergence in actual 
numerical levels by the two methods, which, however, are reasonably well 
correlated, at least in our series. Do the respective values have equal 
physiologic significance? Certainly they would appear to be interchange- 
able to a degree, and in common with other investigators we have taken 
the position that for many clinical and metabolic studies, the costly and 
laborious determination of androgenic activity by bioassay is superfluous. 

Among the hypogonad group it proved fruitless to seek a correlation 
between testicular size and the urinary 17-ketosteroid or androgen ex- 
cretion. For instance, in 4 patients with very small testes the 17-ketosteroid 
values ranged from 3.5 to 13.8 mg. per twenty-four hours; and all 4 men 
showed androgen values below 2.0 mg. per twenty-four hours. Nevertheless 
5 other patients with slightly diminished testicular size without frank atro- 
phy, showed 17-ketosteroid values ranging from 9.8 to 20.2 mg. per twenty- 
four hours and (with 1 exception) normal androgen values (above 2.0 mg.). 
Contrariwise, 2 of the group with normal testicular size showed 17-ketos- 
teroid values below 7 mg. per twenty-four hours, along with normal 
androgens. 

In the group of 16 cases of liver disease, the general trend was toward 
low values for gonadotropin, for biologic androgenic activity and for 17- 
ketosteroids. Two patients with high gonadotropin had gynecomastia in 
addition. 

Among the 6 cases of simple gynecomastia, the general trend was toward 
somewhat low 17-ketosteroid values, and this trend was even more pro- 
nounced by bioassay. The gonadotropin values tended toward elevation. 
In the presence of both hepatic disease and gynecomastia, with one ex- 
ception, all 17-ketosteroid values were very low, but the gonadotropin 
values varied. 

Much of the lack of uniformity in these values may be based upon ob- 
vious biologic alteration in the type or stage of the disease. For example, 
in a clear-cut case of Klinefelter syndrome the gonadotropin value was 
very high, as reported by other authors (15, 16). When cirrhosis of the 
liver accompanied gynecomastia, however, the gonadotropin values were 
normal or low, as in the uncomplicated hepatic cases. It should also be 
noted that in 1 instance gynecomastia recurred in the face of falling values 
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for gonadotropin with a constant low level of androgens and 17-keto- 
steroids. 

At gonadotropin values below 18 m. u. u. per twenty-four hours, andro- 
gen and 17-ketosteroid values were randomly dispersed. Above 18 m. u. u. 
however, the gonadotropin excretion appeared first to rise and then to 
decline, as the computed androgenic activity of the urine increased. The 
latter interpretation of the data is admittedly tenuous and needs further 
substantiation. 

SUMMARY 


The correspondence of biologic assays of androgens and microchemical 
analyses of 17-ketosteroids has been examined in the urine of human 
males. The subjects studied comprised four groups, 7.e., 1) normal controls, 
2) hypogonadism, 3) hepatic disease, and 4) gynecomastia. A highly sig- 
nificant correlation (r=0.73 )was found between the chemical and biologic 
assay procedures, and it is concluded that the costly and laborious bio- 
logic assays of urinary androgens do not contribute much information not 
already afforded by the 17-ketosteroid determinations in the types of sub- 
ject included in our study. 

It was found, however, that the ratio of androgens to 17-ketosteroids 
was significantly lower in the liver disease and gynecomastia groups than 
in the normal and hypogonad groups, indicating that the proportions of 
the principal urinary steroid metabolites have been altered in these 
conditions. 

Urinary gonadotropin excretion levels were also determined, but were 
difficult to correlate with androgen and 17-ketosteroid values. High 
levels of gonadotropin excretion were uncommon and not necessarily as- 
sociated with low androgen values. 
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CONGENITAL ADRENAL HYPERPLASIA WITH 
PSEUDOHERMAPHRODISM AND SYMPTOMS 
OF ADDISON’S DISEASE* 


s 


CLINICAL COURSE FOLLOWING BILATERAL TOTAL ADRENALECT- 
OMY, WITH METABOLIC STUDIES, PATHOLOGIC FINDINGS 
AND DISCUSSION OF ETIOLOGY 
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LAWSON WILKINS, M.D. 


From the Department of Pediatrics, Johns Hopkins University School of Medicine and the 
Harriet Lane Home of the Johns Hopkins Hospital, Baltimore, Maryland 


INTRODUCTION 


HIS case is presented because of the bearing of the metabolic studies 
upon the pathogenesis of Addisonian symptoms and because of the 
practical considerations involved in the performance of bilateral total 
adrenalectomy as well as the difficulties involved in the maintenance of 
life following this procedure. 
The syndrome of congenital adrenal hyperplasia causing macrogenito- 
somia precox in the male and pseudohermaphrodism in the female has 


been well described both as to the clinical and pathologic manifestations 
(1, 2, 3, 4, 5, 6 and 7). Few of these cases show lack of salt-retaining 
ability. Some require saline infusions in early infancy but can be main- 
tained thereafter with no special therapy. Others constantly require a 
significant amount of additional salt in their diet, and finally, there are 
those who need additional salt and adrenal cortical hormone, such as the 
case now reported. 
CASE REPORT 


The patient was admitted to the Harriet Lane Home at the age of 13 days because of 
an abnormality of the external genitalia, jaundice and dehydration which persisted 
despite the administration of adequate amounts of parenteral fluid. She was the first 
offspring of the present marriage although her mother had had two healthy children 
by a previous marriage. She was born spontaneously at term in another hospital after 
an uneventful pregnancy. The birth weight was 5 lbs. 8 oz. 

Physical examination on admission revealed a moderately dehydrated infant with 
temperature 36.9°C., pulse 140 and respirations 40. The skin was dry but warm, witha 
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muddy brown-yellow hue. There was deeper brown pigmentation over the phallus and 
in the perianal region. The areolae of the breasts were deeply pigmented. There was only 
slight conjunctival icterus. The liver edge and spleen tip could be palpated below the 
costal margin. There was a hypospadic phallus measuring 2-3 cm. in length and 1.5 em. 
in diameter. Between the labial folds extending backwards from the root of the phallus, 
there was a slit-like groove covered with mucous membrane which terminated in a 
small funnel shaped orifice. Later, this was shown by urethroscopic examination and 
vaginograms to be the opening of a urogenital sinus. 

Routine laboratory examination revealed a blood hemoglobin of 18.5 grams per 
100 ec., a leukocyte count of 14,900 per cu.mm. with 65 per cent polymorphonuclear 
cells, 26 per cent lymphocytes, 6 per cent monocytes and 3 per cent eosinophils. Direct 
measurement of the eosinophils showed 625 per cu.mm. which is slightly higher than we 
have found in normal individuals of the same age. The urine contained 1 plus albumin, 
no sugar, 2 plus acetone and 8 plus bile. The urinary sediment showed nothing abnormal. 

The blood taken for chemical analysis on the day after admission showed 124.4 
mq. of sodium, 7.6 mEq. of potassium and 97 mEq. of chloride per liter and 36 mg. of 
nonprotein nitrogen, 72 mg. of glucose and 6 Gm. of protein per 100 ce. 

The course of the patient and the treatment administered are summarized in Figure 
1. After the first twelve doses of adrenal cortical extract had been given, the eosinophil 
count fell to 225 per cusmm. Although penicillin and other antibacterial agents were 
given almost continuously, a low grade fever. developed whenever treatment with adrenal 
hormone was inadequate. Careful search failed to reveal any infection at these times. 

The first 24-hour urine collection was made on the twenty-sixth day of life. This 
specimen showed 2.5 mg. of 17-ketosteroids and 0.25 mg. of 11-oxysteroids. Subsequently 
the patient was found to have a urinary excretion of 30 gamma of estrogens and 15 
glycogenic units of corticoid! per-day. Glucose levels in blood taken before and at hourly 
intervals after feeding were normal. 

For reasons to be discussed later, Dr. Alfred Blalock operated upon the infant when 
she was almost 4 months old. The right adrenal was exposed and removed. Because of 
technical difficulties, blood and other fluids could not be given intravenously during 
the operation. The patient was returned to the ward in a state of surgical shock from 
which she recovered after receiving 95 cc. of whole blood. On the first postoperative day 
she was given a total of 820 cc. of parenteral fluid including the blood. The fluids con- 
tained approximately 71 mEq. of sodium. She also received 2 mg. of desoxycorticosterone 
acetate in oil and 50 cc. of aqueous adrenal cortical extract. On the third day after 
operation, regular feedings were started and she was maintained on 3 mg. desoxycorti- 
costerone acetate and 10 cc. aqueous adrenal cortical extract daily. This was a somewhat 
larger dose than she was given during most of her preoperative course, but her needs had 
risen gradually and steadily from the time of entry and just prior to the operation she 
required as much hormone as after the operation (Fig. 1). 

One month after the first operation Dr. Blalock removed the left adrenal. During 
the day of operation she received a total of 866 cc. of fluid including 125 ce. of blood 
and approximately 53 mEq. of sodium. She was also given 50 ce. of aqueous adrenal 
cortical extract, 1 cc. of lipoadrenal extract,? 2 mg. of desoxycorticosterone acetate in 
oil and 10 mg. of testosterone propionate. The testosterone was given because it was felt 
wise not to cause too abrupt a change in the androgen to which she had been accustomed. 





! We are indebted to Dr. Eleanor H. Venning for performing this assay. 
2 We are indebted to the Upjohn Company, Kalamazoo, Michigan, for furnishing the 
Lipo-Adrenal Cortex used in this case. 
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Over the course of the first nine postoperative days the testosterone was gradually dis- 
continued and the wound healed well. She was maintained on 10 cc. of aqueous adrenal 
cortical extract and 1.5 mg. of desoxycorticosterone and then 3 cc. of lipoadrenal extract 
and 2.5 mg. of desoxycorticosterone. She gained weight despite the fact that the amount 
of desoxycorticosterone was less than that which was found necessary prior to the 
second operation. It should be noted that at no time during her entire course did the 
serum potassium level fall to normal, and only once was the serum sodium level normal 
or higher. Blood glucose levels before and at hourly intervals after feeding were within 
the normal range. 

Following the second operation she seemed to acquire more pigmentation, both gen- 
crally and around the genital and perianal region. The daily ketosteroid excretion fell 
to approximately 0.2 mg. a day and the oxysteroid excretion fell to approximately 0.03 
mg. a day. At no time during the course of her illness was there any evidence of hypo- 
vlycemia. 

One month after her second operation a fever developed which, on the day before 
death, reached 39.2°C. Numerous diffuse and fine crackling rales were heard at both 
lung bases. On the day before death she lost 300 grams of weight. She was given large 
amounts of parenteral fluid, 17 cc. of adrenal cortical extract and 2.5 mg. of desoxycorti- 
costerone. The blood pressure did not fall below the usual level of 78 to 80 mm. Hg. 
Nevertheless, respirations became gasping and she vomited twice. Glucose was given 
without producing any improvement and respirations ceased suddenly. 


Pathologic report® 


The right adrenal, removed on April 11, weighed 3.75 grams. Grossly it appeared 
entirely normal. The left adrenal, removed on May 9, weighed 6.3 grams and showed no 
gross changes. Microscopically, the adrenals resembled each other. The cortex consisted 
of cords of cells which began at the periphery and extended to the medulla. There was 
little difference in the morphology of these cells, save that the outermost layer contained 
only a few droplets of sudanophilic material in contrast with those layers a little further 
toward the center. There was no glomerular layer (Fig. 2). No pigmented cells charac- 
teristic of the reticular zone were observed. 

Autopsy confirmed the abnormality of the genitourinary tract which had been noted 
in life. The vagina and urethra communicated with one another and had a common 
origin at the base of the clitoris. The uterus, ovaries and tubes appeared normal. No 
accessory adrenal tissue was identified. The lungs showed firm areas of consolidation. 
Microscopically there was an intense bronchitis and bronchiolitis with early lobular 
pneumonia. The inflammatory exudate in the bronchial system was rather extensive 
and was thought in a large measure to have contributed to exitus. 


SPECIAL METABOLIC STUDIES 

Methods used 
The patient was kept on a relatively constant diet consisting of Alacta 
or evaporated milk supplemented with Dextrimaltose and 1.0 to 2.5 grams 


of sodium chloride per day. As the child grew older, small amounts of solid 
food were added to the diet. 





3’ We are grateful to Dr. Richard K. Follis, Jr. for the pathologic studies and reports. 
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Twenty-four-hour urine specimens were collected by placing the infant 
so that the buttocks lay in a medium sized Biichner funnel in the center 
of a metabolism crib. The bottle into which the urine drained contained 5 
ce. of 10 per cent acetic acid. Some of the urine specimens were con- 
taminated with fecal matter and had to be filtered. 

Blood chemical studies were limited because of the relatively small 
blood volume of the patient. The glucose levels were determined on samples 


of capillary blood. 


TABLE 1. Errect oF OMITTING TREATMENT FOR Two DaYsS WHEN PATIENT 
Was Beinc MAINTAINED WITH 15 cc. ADRENAL CorTICAL EXTRACT 
AND 1 MG. DESOXYCORTICOSTERONE ACETATE 
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1q./L* 
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Serum chloride 


potassium output, mEq. 
level, mEq./L* 


Average daily 

weight gain, Gm. 
Average daily 

fluid output, ee. 
Average daily 
sodium output, mEq. 
Average daily 
Average daily 
nitrogen output, Gm. 
Serum sodium 

level, mEq./L* 
Serum potassium 


Period 
level, 
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Treated for 5 days 
First day of no treat- 
ment 
Second day of no | 
treatment | —30 26 
First day of resumed | 
treatment 30 278 37 
Second day of re- | 
sumed treatment | 25 175 24 


So 





* Blood analysis made at the end of the period in which it is listed. 


The techniques used for the determination of blood chemistry and uri- 
nary steroids have been described in a previous paper (8). The urinary 
estrogen was estimated according to Jailer’s method (9). Measurement of 
circulating eosinophils was carried out by direct count (10). Glycogenic 
corticoids were estimated by biologic assay (11). 

The adrenocorticotropic hormone‘ used in these studies was dissolved 
in saline and injected intramuscularly in. divided doses at 6-hour intervals. 


* Kindly furnished by Dr. John R. Mote, The Armour Laboratories, Chicago, Illinois: 
Lot No. G 1112, of which 25 mg. was equivalent to 25 mg. of the standard preparation 
as assayed by the manufacturers. 
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Results 


The first experiment consisted in the withdrawal of adrenal hormone 
treatment for forty-eight hours, at a time when the patient was receiving 
1 mg. of desoxycorticosterone acetate in oil plus 15 ec. of aqueous adrenal 
cortical extract (Table 1). There was a control period of five days during 
which the patient gained an average of 34 grams per day. On the first day 
the treatment was omitted, the weight remained constant, whereas on 
the second day of withdrawal the patient lost 30 grams. There was also an 
increased excretion of sodium and water during the withdrawal period but 
this was not consistent, since the sodium excretion on the second day was 
similar to that of the control period, and since there was an increased ex- 
cretion of sodium and water on the first day that treatment was rein- 
stituted. There was a fall in the level of serum sodium and chloride, which 
persisted after treatment was resumed. 

The second experiment consisted in the administration of 25 mg. of 
adrenocorticotropic hormone over a 48-hour period, while the patient 
was receiving 1 mg. of desoxycorticosterone acetate and 15 cc. of aqueous 
adrenal cortical extract daily. In this experiment there was a considerable 
rise in the urinary excretion of 17-ketosteroids and 11-oxysteroids. There 
was no significant change in the clinical state of the patient or in the rate 


TABLE 2. Errect oF 52 MG. ADRENOCORTICOTROPIC HORMONE WHILE 
PaTieENtT Was RECEIVING 3 MG. DESOXYCORTICOSTERONE 
ACETATE BUT No ADRENAL CortTIcAL EXTRACT 
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11-oxysteroid output, mg. 
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* Blood analysis made at the end of the period in which it is listed. 
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of weight gain, nor was there any change in the electrolyte or water metab- 
olism as reflected in the urinary excretion or serum level. 

The final metabolic experiment was a repetition of the previous one 
except that the patient was receiving 3 mg. of desoxycorticosterone and 
no adrenal cortical extract. The results of the administration of 25 mg. of 
adrenocorticotropic hormone during this regime are shown in Table 2. 
There was a more marked rise in the excretion of 17-ketosteroids and 11- 
oxysteroids than in the previous experiment. Most dramatic were the 
clinical changes which are not shown in the table. The patient showed a 
deterioration in her general condition with the reappearance of dehydra- 
tion. Instead of gaining between 28 to 45 grams of weight a day she lost 65 
grams the first day and 45 grams the second day of treatment with adreno- 
corticotropic hormone. There was an increased output of water and 
sodium on the first day of treatment. Twenty-four hours after starting 
adrenocorticotropic hormone there was a 44 per cent drop in the number 
of circulating eosinophils. 


Comment on metabolic studies 


The first experiment, that of omitting adrenal hormone treatment for 
forty-eight hours, produced less striking effects than were anticipated but 
it was not considered prudent to withhold treatment any longer. The fact 


that the excretion of sodium and water remained elevated on the day that 
treatment was reinstituted may have been in part due to the time lag 
caused by slow absorption of desoxycorticosterone acetate from the oily 
solution which was injected. It is also possible that some of the urine 
formed during the second day of treatment withdrawal was not voided 
until the day when treatment was begun again. 

If we compare the effect of the administration of adrenocorticotropic 
hormone when the patient was being maintained with desoxycorticos- 
terone (Table 2) with the effect of the withdrawal of adrenal hormones 
(Table 1), it can be seen that the increase in the renal excretion of sodium 
and water was of the same order of magnitude in both instances. However, 
the loss of weight when adrenocorticotropic hormone was given exceeded 
the loss of weight which occurred when desoxycorticosterone and adrenal 
cortical extract were discontinued. 

The first time that adrenocorticotropic hormone was given the patient 
was receiving 15 cc. of aqueous adrenal cortical extract as well as desoxy- 
corticosterone and although there was an increased excretion of 17-keto- 
steroids and 11-oxysteroids the metabolic effects were less marked. The 
excretion of sodium and water and the rate of weight gain were not sig- 
nificantly altered and the eosinophil count fell only 20 per cent. It appears, 
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therefore, that the relatively large dose of adrenal cortical extract did not 
prevent an increased secretion of adrenal steroids but did minimize their 
over-all effect. A related type of competitive action has been observed by 
Thorn and coworkers studying Compound E and desoxycorticosterone in 
a case of Addison’s disease (12). 

It may be concluded from these three experiments that the renal loss 
of sodium and water shown by this patient with adrenal hyperplasia could 
be corrected by the administration of adrenal cortical hormones or desoxy- 
corticosterone and that when treatment was interrupted the condition 
recurred. Furthermore, the administration of adrenocorticotropic hormone 
at a time when the patient was being maintained on adequate doses of 
desoxycorticosterone caused a loss of sodium and water with a relapse in 
the condition, which was as severe as that occasioned by the discontinuance 
of adrenal cortical hormones. However, when desoxycorticosterone and 
large doses of adrenal cortical extract were given, adrenocorticotropic 
hormone had little effect on sodium and water metabolism. 


DISCUSSION 
Comments on pathogenesis and effect of operation 


The authors have pointed out in a previous study that although the 
renal excretion of 11-oxysteroids is reduced in Addison’s disease, the renal 
excretion of 11-oxysteroids is normal or greater than normal in cases with 
Addisonian symptoms complicating adrenal hyperplasia, and that these 
individuals do not show the tendency to hypoglycemia which is frequent 
in the classic type of Addison’s disease (15). The usual case of adrenal in- 
sufficiency results from the loss of adrenal cortical tissue, whereas the 
pathologic picture is quite different in patients with adrenal hyperplasia 
who also present symptoms of Addison’s disease. Here there may be a total 
absence of the zona glomerulosa (2, 13, 14) in adrenals of normal or in- 
creased size. In our case there was also an absence of the zona glomerulosa 
(Fig. 1), whereas the rest of the adrenal tissue differed only slightly from 
normal. 

Since animal experiments suggest that the zona glomerulosa may be 
the locus of origin of sodium-retaining hormone (16), the absence of this 
zone in this patient and in others with a similar syndrome (14) might ex- 
plain the occurrence of Addisonian crises. However, the metabolic ex- 
periments in this case showed that the patient was capable of excreting 11- 
oxysteroids which must have arisen in the adrenal; and that when the out- 
put of adrenal steroids was increased, there was an increase in the renal 
excretion of sodium and water. It is known that administration of certain 
11-oxysteroids of adrenal origin can increase the renal loss of sodium and 
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water (17, 18). It is possible that the production of an abnormal steroid 
or an abnormal amount of one of the normal steroids might be a con- 
tributory factor in the production of Addisonian crises in cases of adrenal 
hyperplasia (15). Mason has isolated an abnormal 11-oxysteroid from 
cases of congenital adrenal hyperplasia (19). 

Removal of the adrenals in this particular case was proposed as a method 
of arresting the progressive virilization and of ameliorating the Addisonian 


TABLE 3. HoRMONAL TREATMENT GIVEN DURING THE PERIODS OF BEST WEIGHT GAIN, 
witH AVERAGE 17-KETOSTEROID EXCRETION DURING THE PERIOD 








| Average Average Dose of Dose of Dose of 
ee ee vr daily 17-keto- aqueous lipo- desoxycorti- 
: ne weight steroid adrenal adrenal costerone 
to operation gain, output, extract, extract, acetate, 
| Gm. mg. ce. ee. mg. 








Before operation 
Jan. 17-22 | 84 
Feb. 11-16 26 ; 
Mar. 4-30 28 3. 0D: 
After first operation 
Apr. 18-24 58 : 10 
May 4-7* 57 10 
After second operation 
May 15-20 34 : 10 
May 20-28 22 . 10 
May 28-June 1 22 - 0 








* During this period parenteral saline was given to maintain hydration. 


symptoms.’ It was reasoned that the production of hormones aggravating 
sodium loss or interfering with the action of desoxycorticosterone would 
be prevented. On the other hand, it was obvious that this operation might 
cause a disturbance in carbohydrate metabolism and remove unknown 
beneficial factors produced by the adrenal. 

Partial adrenalectomy has been used in the treatment of adrenal hyper- 
plasia with virilism, but the results have been disappointing, since the re- 
maining adrenal tissue soon regains the secretory ability previously pos- 
sessed by the adrenal tissue which has been removed (21). Complete bi- 
lateral adrenalectomy has been performed on 4 individuals with incurable 
prostatic cancer and 1 of these survived for about one hundred days 
(22). There is also 1 case of total bilateral adrenalectomy which was per- 
formed on a patient with extreme hypertension (23). Bilateral adrenalec- 


5 Since this case was studied, a less hazardous method of arresting adrenal over- 
activity has been developed (20). 
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tomy with preservation of approximately one eighth of the adrenal cortex 
on one side has been used in the treatment of Cushing’s syndrome (24). 
Some of these patients developed pancreatitis and the postoperative course 
was quite difficult. In our case the prospects for normal development were 
nil and for continued life almost hopeless.® It was decided, therefore, to re- 
move both adrenals as completely as possible. 

The effect of the operation upon the Addisonian symptoms in this case 
is most interesting. During the major portion of the postoperative course 
the amount of adrenal hormone given was less than that required prior to 
the final operation (Fig. 1 and Table 3). On the other hand, following the 
second operation there was an increase in skin pigmentation and the 
patient succumbed to an infection thirty days after this last operation. It 
is apparent that at no time was replacement therapy complete but it seems 
probable that death was caused by the severity of the respiratory infection, 


SUMMARY 


A case of congenital adrenal hyperplasia with pseudohermaphrodism 
and severe Addisonian crises is reported in detail. Metabolic studies 
showed that the omission of treatment with adrenal cortical hormones, or 
the administration of adrenocorticotropic hormone while the patient was 
receiving desoxycorticosterone, caused an increase in the renal loss of 
sodium and water with an aggravation of clinical symptoms. Bilateral 
adrenalectomy was performed in two stages. Following operation there 
was no increase in the amount of adrenal cortical hormone required to 
maintain weight gain, but thirty days after the second operation the pa- 
tient succumbed to a respiratory infection. 
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THE INFLUENCE OF BILATERAL PREFRONTAL 
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OR many years the literature on schizophrenia, as well as that con- 

cerned with the other psychoses, has contained reports tending to 
implicate the various endocrine organs in these illnesses. More recently, 
attempts to explain the effects of electroshock therapy and prefrontal 
lobotomy have suggested that therapeutic changes in patients treated by 
these methods are associated with certain modifications in endocrine, in- 
cluding thyroid, function. Although there are few actual data to sub- 
stantiate these speculations, a great deal of evidence has been collected, 
chiefly from animal experimentation, to indicate that the central nervous 
system plays a role in determining certain aspects of endocrine function. 
Harris’s review of the neural control of the pituitary (1) presents incon- 
clusive evidence in this regard, but Hume’s (2) recent work is further evi- 
dence for some hypothalamic humoral control of anterior pituitary secre- 
tion of adrenocorticotropic hormone. 

The increased use of prefrontal lobotomy affords an opportunity for 
studying the possible effects of interruption of impulses to and from the 
thalamus and frontal cortex on endocrine activity in human subjects. 
Electroencephalographic (3, 4, 5) and anatomic (6, 7,) evidence indicates 
that lobotomy is often followed by thalamic degeneration, although inter- 
ference with other systems and association fibers must be considered. It 
must also be remembered that apparently similar operations may result 
in different degrees of destruction in different individuals (7). 

This report presents data on the thyroid function of 16 psychiatric 
patients during periods varying from one to twenty-four months after 
bilateral frontal lobotomy. 


METHODS AND SUBJECTS 


The subjects were patients in the Psychiatric Clinic of the Yale Uni- 
versity School of Medicine. The diagnoses were: schizophrenic reactions 
with predominantly paranoid features (11 cases); psychotic depressive 
reactions (4 cases); syndrome of Gilles de la Tourette (multiple tics and 
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explosive coprolalia) (1 case). None had had previous medical or surgical 
treatment for thyroid dysfunction and there were no pregnancies. Five of 
the subjects were male, the rest female. They had been ill for periods 
ranging from one to ten years. The age range was from 17 to 61 years. 
Serum precipitable iodine determinations, measured by the method of 
Riggs and Man (8) with later modifications (9), were made before lobotomy 
and on 13 of the 16 subjects one month after operation. Data were also ob- 


TABLE 1. SERUM PRECIPITABLE IODINE (gamma per cent) 


es Postoperative 
Patient | Pre- 
No. | operative 





1 mo. 3 mo. 6 mo. 12 mo. 18-24 mo. 








e 
Y 


3. 
4. 
4.6 
4. 
4. 
3. 


| 
; ©& 


| 
| 
| 





tained on 1 subject three months postoperatively, on 3 subjects six months, 
on 4 subjects twelve months, and on 8 subjects eighteen to twenty-four 
months after lobotomy. Serum cholesterol readings were obtained on 11, 
and total protein on 8 of the subjects. Irregularities in obtaining data were 
due to the fact that patients from out of town were often difficult to follow 
at uniform postoperative periods. It was necessary to eliminate a number 
of patients from the study because of the use of radio-opaque substances 
containing iodine. 

For lobotomy, the plane of section was marked by silver clips. The oper- 
ations were performed by Dr. William German and staff, of the Depart- 
ment of Neurosurgery. A modification of the Lyerly or open operative 
technique was used in all cases. 
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TABLE 2. CHOLESTEROL AND ToTAL PROTEIN OF SERUM AT THE Point oF Maximvu 
SeRuM PRECIPITABLE IODINE CHANGE AFTER LOBOTOMY 








Precipitable iodine Cholesterol Total protein | 
Months 


Pationt (gamma per cent) (mg. per cent) (Gm. per cent) | 
; | post- 


| lobotom) 


Be- After Changel Be- After Change! al After Change 
fore | fore | fore | 








Group A 


205 220 +15 | 
1588 177 +19 
303 255 —48 | 





Group B 





—0.5| 191 217 +26 

+1. —_ — — | 
+1. 249 250 +1 ; .6 .—0.5 | 
—0. 169 149 —20 4 —0.6 
+1. 204 237 +33 — 
+1. 157. 206 +49 5.5 +0.9 | 
+3. 141 173 +32] 6.8 4 +0.6 | 
+0.9/| 167 217 +50) 6. 5.8 +0.3 | 
41.2; — — | | 
+0. 200 187 —13] 6. 5.6 —0.1 


8 
9 
10 
1] 
12 
13 
14 
15 
16 
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TABLE 3. COMPARISON OF PREOPERATIVE SERUM PRECIPITABLE IODINE OF SUBJECTS 
SHow1nG Posttopotomy Decreases OF 1 GAMMA Per Cent oR More (Group 
A), with THat oF Sussects SHowING Decreases OF Less THAN THIS 
AMOUNT OR INCREASES (GROUP B) 


Group A Group B 
Decreased 1 gamma Increased, or decreased 
per cent or more less than 1 gamma per cent 











N= 6 N=10 
2 =36.8 2 =46.5 
M'= 6.1 M*= 4.6 

M'!— M*=1.5 

Est’d. o M'— M?=.49 

apr 1-5 


.49 


3.0 





* “4”? of 2.97 should occur by chance less than 1 in 100 times. 





July, 1950 PREFRONTAL LOBOTOMY AND THYROID ACTIVITY 


RESULTS 


Examination of the data for the group as a whole revealed no constant 
direction or degree of change after operation. In addition, no relationship 
to postoperative change could be discovered with respect to clinical fea- 
tures of the illness, laboratory data, physical characteristics, or therapeutic 
response to surgery. 

The serum precipitable iodine readings before and after operation are 
shown in Table 1. Table 2 presents the preoperative levels of the iodine, 
cholesterol and protein determinations, and postoperative readings at the 
time of maximum change in serum precipitable iodine concentration. 

Tables 2 and 3 demonstrate a difference between those patients in whom 
lobotomy was followed by a serum iodine drop of 1 gamma per cent or 
more (Group A), and those in whom it was followed by a change of less 
than 1 gamma per cent, or by an increase (Group B). The mean preopera- 
tive serum iodine level for the 6 patients in Group A was 6.1 gamma per 
cent, whereas the mean preoperative reading for the 10 patients in Group 
B was 4.6 gamma per cent. Students’ ‘‘t”’ test (10) shows this difference to 
be significant at the 1 per cent level. The only low preoperative reading 
in Group A was in the single nonschizophrenic patient in that group, the 
one diagnosed as having Gilles de la Tourette’s syndrome. In 2 of these 
subjects there seemed to be a tendency to return to the previous level after 
the serum iodine drop, but there are insufficient data to evaluate this. 


DISCUSSION 


The data presented here do not indicate that interruption of cortico- 
thalamic circuits in psychotic patients has any predictable influence on 
the level of thyroid secretion. This is interesting in view of evidence in- 
dicating that repeated small injections of adrenalin stimulate the produc- 
tion of thyrotropic hormone (11, 12) and that repeated anxiety-laden ex- 
periences might have the same effect (13). It suggests that the integrity of 
these circuits which may (a) activate the sympathetic nervous system and 
adrenal medulla, or (b) be part of a chain eventuating in direct hypothala- 
mic (neural or humoral) control of anterior pituitary function, is not 
actually essential in the maintenance of pituitary thyrotropic activity. It 
is possible that a difference in the relative importance of central nervous 
factors in endocrine control between individuals with higher and those 
with lower levels of circulating thyroid hormone is reflected in the fact 
that serum iodine concentrations were reduced in the subjects with high 
preoperative readings. 

The lack of correlation between serum iodine findings and clinical results 
of lobotomy suggests that the psychiatric effect of this operation occurs 
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independently of any gross change in pituitary thyrotropic (and thyroic) 
activity. 


SUMMARY 


1. Bilateral prefrontal lobotomy in 16 psychiatric patients was not 
followed by any consistent change in serum precipitable iodine, protein, or 
cholesterol over periods from one to twenty-four months after operation. 

2. There was no correlation between clinical results of the operation and 
changes in serum precipitable iodine levels. 

3. In patients exhibiting a postlobotomy fall in serum iodine of 1 gamma 
per cent or more, preoperative serum iodine readings tended to be higher 
than in those patients showing no such fall. 
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From the Endocrine Clinic of the Philadelphia General Hospital, Philadelphia, Pa. 


ESIONS in and around the posterior portion of the hypothalamus have 
been reported in association with precocious puberty. Pelizzi (1) 
described a syndrome which he called ‘‘macrogenitosomia precoce.’”’ The 
findings included tumors of the pineal gland, precocious sexual develop- 
ment and adiposity or general overgrowth, together with symptoms of 
hydrocephalus. Haldeman (2) in 1927 listed 113 cases of pineal tumor, of 
which 16 showed macrogenitosomia precox, all males between 3 and 16 
years of age. Horrax and Bailey (3) and Henyer et al. (4) reported similar 
cases and concluded that the cause of the precocious puberty in this syn- 
drome was unknown and that pineal involvement was not necessary. 
Vickers and Tidswell (5) described precocious puberty in association with 
a hypothalamic tumor. Horrax and Bailey (6) give the typical neurologic 
localizing signs of pineal tumors as: i) involvement of the corpora quad- 
rigemina, 2.e., oculomotor palsies, partial or complete deafness; ii) spastic- 
ity, usually bilateral; and iii) evidence of implication of the cerebellum 
or cerebellar tracts. 

In an excellent review of the literature, Weinberger and Grant (7) in 
1941 listed 17 patients with precocious puberty associated with hypo- 
thalamic tumors, 1 of which they describe in detail. Three of these were 
female. The presence of breast enlargement and menstruation in the female 
patients, and spermatogenesis and testicular and penile enlargement in 
the males is indicative of true precocious puberty. These authors state, 
“A tentative theory of the pathophysiologic basis of precocious puberty 
when associated with hypothalamic tumors is as follows: Tumors in the 
posterior portion of the hypothalamus destroy some portion of the mech- 
anism or neural pathways which normally serve to control or inhibit the 
rate, character or intensity of the nerve impulses passing to the pars 
distalis” (of the pituitary gland). Normal puberty is therefore allowed to 
develop prematurely. 

Four patients are to be reported, 1 male and 3 females, who show find- 
ing similar to but not identical with those just described, and who have 
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no signs of intracranial tumors. In addition, certain findings not previ- 
ously mentioned are noted. These children demonstrate androgenic pre- 
cocity rather than true sexual precocity, together with congenital spastic 
quadriplegia. 

CASE REPORTS 


Case #1 

J.S., an 8-year-old Negro (Fig. 1) was admitted to the Philadelphia General Hospital 
with his 5-year-old sister, L. S., Case #2. (Fig. 2). Both children showed obvious mental 
retardation, spasticity of all four limbs with increased reflexes, pubic hirsutism, scat- 
tered areas of increased skin pigmentation, and widely spaced eyes. This latter finding 
was at first presumed to be a familial characteristic until it was observed in the other 
2 cases. 

Despite the patient’s inability to stand alone and his having been a bed patient 
all his life, muscular development was remarkable. The penis was enlarged and the 
scrotum was pigmented and rugated, but the testicles were normal in size and con- 
sistency for a prepubertal boy. Pubic hair was abundant and axillary hair present but 
scant. Facial acne and slight facial hair growth were apparent. The spinal fluid was 
normal, with an initial pressure of 26.5 em. which rose to 34 cm. after right jugular vein 


seaaia dTACUAUA ACh AAC SAMULOA adi 


Fig. 3. Electroencephalogram of J. 8., Case 1. 


occlusion and to 32.5 cm. after occlusion of the left jugular. In both instances return to 
the original pressure was prompt and complete. 

Doctor P. C. Walsh, psychologist, reported, ‘Present functioning level of intelligence 
is that of a mental defective, imbecile level.’ An electroencephalogram (Doctors J. 
Hughes and 8. Hammerman) was read as follows: ‘‘Bursts of 2-3 per second high ampli- 
tude waves of typical block and roller formation are noted with occasional petit mal 
patterns. There are no focal findings. There is probable indication of some minimal cor- 
tical degenerative disease. The record indicates an increased cortical excitability such 
ag is found in grand and petit mal seizures with minimal cortical degenerative disease” 
(Fig. 3). 

The X-ray examinations showed no cranial or sellar abnormalities. The long bones 
showed increased trabeculations, more marked in the upper extremities, but the smaller 
bones of the hands, wrists and ankles were normally outlined for a child this age, and 
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TABLE 1. LABORATORY Data 





J.S., #1 





BLOOD 
Hemoglobin/Gm. % 
RBC/millions _ per 

cu. mm. 
WBC/thousands per 

cu. mm. 

Neut./% 

Lymph./% 

Mono./% 

Eos./% 

Fasting sugar/mg. % 
Protein/Gm. % i 
Albumin/Gm. % | 
Globulin/Gm. % | 

Calcium/mg. % | 

Ionized/mg. % | 
Phosphorus/mg. % | 
Alk. phosphatase 

(Shinowara units) 
Cholesterol/mg. % | 2: 

Esters/mg. % | 

Esters/% | 
Sodium/mEq./L | 
Potassium/mEq./L | 
Chloride/mEq./L 
CO:;/vol. % 
Serologic reactions 
Glucose tolerance 

Fasting/mg. % 

+ hour 
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the epiphyses were normally developed. The lungs were normal, and the heart was 
slightly enlarged. The report of the air encephalogram (Dr. H. Ostrum) stated: ‘“‘There 
is slight dilatation of the ventricular system, particularly the left lateral ventricle. The 
basal cisternae are also enlarged. There is no evidence of any air in the subarachnoid 
space. The absence of air in the cortical pathways is most likely due to cortical atrophy.”’ 

Laboratory studies are listed in Table 1. 

An exploratory laparotomy was performed by Doctor L. K. Ferguson who found both 
adrenal glands grossly normal. The pathologist’s (Doctor W. E. Ehrich) report of biopsy 
specimens taken from these glands was: ‘‘Adrenal—the material includes glomerulosa 
and fasciculata and possibly some reticularis. The latter, however, is not distinct. The 
glomerulosa and fasciculata are not uniform. Many cells are small and contain little 
fat, while others are large and loaded with fat. There are several small nodules that are 
rich in fat surrounded by small cells with little fat. Where regularly arranged, the columns 
contain much fat. There is no distinct medulla contained in the sections.”’ 


Case #2 


L. S., a 5-year-old colored girl (Fig. 2), sister of J. S., Case # 1, presented findings of 
spastic quadriplegia with increased reflexes and good muscular development, areas of 


“ental WAV oe rea roner 


Fia. 4. Electroencephalogram of L. 8., Case 2. 


increased skin pigmentation and premature growth of pubic hair. The clitoris was 
moderately enlarged and the labia well developed. The uterus however was normal in 
size for her age, and the ovaries were not palpable. In addition she had a congenital 
umbilical hernia, congenital dislocation of the left hip, and medial strabismus of the 
right eye. Optic fundi were normal and blood pressure was 140-150/110. 

Doctor P. C. Walsh, psychologist, examined the patient and said, ‘At present L. 8S. 
is functioning at a mental defective level, bordering between idiot and imbecile, with a 
mental age of approximately 13 months as compared to a chronological age of 5 years.” 
The electroencephalogram report (Doctors Hughes and Hammerman) was: ‘“‘The 
record is grossly abnormal. Frequent bursts of 1-2 and 2-3 per second high amplitude 
waves, often of the block and roller pattern are noted. Occasional fast spike formations 
and petit mal formations are also present. Large slow waves with superimposed low 
amplitude fast frequencies are seen. This record indicates a general cerebral dysrhythmia 
of sufficient degree to cause convulsive seizures and also indicates cortical degenerative 
disease”’ (Fig. 4). 

X-ray studies showed a normal sella, skull, heart and kidneys. The lungs were clear, 
with only a few small glands at the roots on both sides. The skeletal studies showed a 
slight decalcification of the long bones. There was a congenital dislocation of the left hip 
and myositis ossificans in the upper portion of the right thigh. The ankles and wrist 
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joints showed normal development, and the epiphyses were normal in size. There was 
normal eruption of the centers of ossification. Encephalographic studies (Dr. H. Ostrui) 
showed a normal outline of the ventricular system. The basal cisterns, however, were 
enlarged. ‘‘There are no cortical pathways demonstrable, due most likely to cortical 
atrophy.” 

A sedimentation rate was slightly increased above normal; an insulin tolerance test 
was within normal limits, and skin tests for tuberculosis gave negative results. Other 
laboratory studies are listed in Table 1. 

Doctor L. K. Ferguson performed a laparotomy and reported the uterus as very small, 
tubes normal, and the ovaries little if any enlarged and grossly normal in appearance. 
Biopsy specimens were taken from the right ovary and pancreas. Doctor W. Erb ex- 
plored the adrenals, reported them grossly normal and performed a biopsy on the 
right side. 

The report of the microscopic examination of the biopsy specimens was as follows 
(Doctor W. E. Ehrich): “‘Adrenal—this is a tangential section through the surface 
portion of the adrenal. Glomerulosa and fasciculata layers are present. The individual 
cells seem to be rather small possibly due to the young age of the patient. Though there 
is no fat stain, it appears that there is abundant fat in both the glomerulosa and fasci- 
culata. Ovary—the cortex reveals numerous crowded primordial follicles, many of which 
show vacuolic degeneration and nuclear disintegration. Some follicles show various 
degrees of proliferation of granulosa cells. At the borderline of cortex and medulla a 
cyst is seen, the largest diameter of which measures 2 mm. Another cyst of similar size 
is found in the medulla. Both cysts are lined with layers of various thickness of small 
polygonal cells showing tiny areas of degeneration producing clear central cavities sur- 
rounded by polygonal cells. These so-called Call-Exner bodies are characteristic of 
granulosa cells. Pancreas—normal pancreas.”’ 


Comment: ‘‘While the ovarian biopsy is quite satisfactory, the other two are not sig- 
nificant because they are not deep enough for study of the reticularis which is believed 
to be the ‘‘androgenic”’ zone, the one that should be of particular.interest in these cases. 
The glomerulosa and fasciculata appear not to be significantly changed in either child. 
Nests of granulosa cells are normally found in ovaries and are believed by some to 
represent the source of granulosa cell tumors. Whether the cystic nests of granulosa 
cells in this case were functionally significant, I have no way of telling.”’ 


Case #3 


M. S., a 13-year-old Negress, was known to have had pubic hair for many years, 
though she had never menstruated. Her appearance was so similar to the aforementioned 
2 patients that she could easily have been a sister. She showed congenital spastic quai- 
riplegia, diffuse cerebral cortical atrophy, mental retardation, well developed muscu- 
lature, widely spaced eyes, medial strabismus of the right eye, no breast development, 
small uterus, and abundant pubic hair with a slightly enlarged clitoris. Laboratory 
studies are listed in Table 1. 


Case #4 


L. L. B.,! a 15-month-old white female showed a spastic quadriplegia and was obvi- 
ously mentally deficient. She had been a blue baby until 1 month of age and had had 
pneumonia at 6 and 9 months. Her skull was flattened across the occiput with con- 





1 Seen while on the Neurologic service of the Hospital of the University of Pennsy!- 
vania, through the courtesy of Dr. G. Schwartz. 
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siderable bossing of the frontal bones. Her eyes were widely separated, and there was 
an external strabismus with bilateral external rectus palsy and ptosis on the left. 
Fundi were normal. In addition, she had a congenital umbilical hernia. The external 
genitalia were normal for a baby girl excepting for the presence of pubic hair. Blood 
pressure was 90/30. Spinal fluid was under 18.8 cm. of pressure and normal to examina- 
tion. A skin test for tuberculosis gave a negative reaction, and her urine showed negative 
results with phenylpyruvic acid. Other laboratory tests are listed in Table 1. 

X-ray examinations (Doctors Eyler and Chamberlain) revealed marked alteration in 
the occipital bones with an increase in the digital markings. The pneumoencephalogram 
showed dilated ventricles and cortical changes which were interpreted as being due to 
cerebral cortical atrophy. There was no evidence of an adrenal tumor (intravenous 


urogram). 
DISCUSSION 


In an effort to uncover more: patients of this type, a review of records 
was undertaken and 248 charts examined. Fourteen of these were listed as 
congenital spastic paralysis, 120 as mental deficiency and 114 carried both 
diagnoses. In no instance was a clear cut finding of precocious pubic hair 
obtainable. This raises the question of the association of premature pubic 
hair and cerebral cortical atrophy being merely on a chance basis. The 
problem cannot be answered at the present time. 

Can the findings described, 7.e., spastic quadriplegia, mental deficiency, 
premature growth of pubic hair, elevated urinary 17-ketosteroids, areas of 
increased skin pigmentation, and characteristic physiognomy with widely 
spaced eyes be etiologically related? Obviously diffuse cerebral cortical 
atrophy may be directly responsible for spastic quadriplegia and mental 
deficiency. Assuming that the skin pigmentation, and characteristic 
physiognomy are associated congenital defects, it would remain then only 
to explain the reason for the excess production of androgens as measured 
by the increased excretion of urinary 17-ketosteroids. These patients do 
not manifest true precocious puberty as evidenced by the absence of men- 
struation, lack of growth of the breasts and uterus and the low urinary 
estrogens in the female patients, and by the lack of testicular growth in 
the male. All the ascertainable physiologic activity is of an androgenic 
type but the levels of urinary 17-ketosteroids are not elevated to the pro- 
portions seen in the adrenogenital syndrome. They are rather at a level 
which is normal for children at puberty. A true precocious adrenarche 
appears to have occurred in these patients. 

If an adrenal-control center existed in the brain, perhaps in the region 
of the hypothalamus near the hypothetical center which controls the onset 
of puberty, its function might be to repress pituitary stimulation of the 
androgenic zone of the adrenal until its normal release about the time of 
puberty. It might thus be possible to explain the association of findings 
described, by postulating that this adrenal control center had been de- 
stroyed by the same process which caused the cerebral cortical atrophy. 
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Seckel, Scott and Benditt (9), in a recent report, have described premature 
menstruation and breast development in a 7-year-old girl without pubic 
hair; and an enlarged penis and profuse pubic hair in a 5-year-old boy with 
“infantile” testes, again emphasizing the dissociation in timing which may 
occur between puberty and the adrenarche. This dissociation would in- 
dicate that two distinct centers may exist, one controlling the onset of 
puberty, the other regulating the beginning of the adrenarche. These 
centers are likely interrelated so that they normally release the glands they 
control more or less simultaneously, but under special circumstances they 
might cease to exert their inhibitory influences separately. 


SUMMARY 


Four patients are described, an 8-year-old boy and 3 girls aged 1, 5 and 
13 years respectively, with congenital spastic quadriplegia associated with 
the premature development of pubic hair and elevated urinary 17-keto- 
steroid excretion. It is suggested that the pubic hair and other manifesta- 
tions of androgenic stimulation such as facial acne and genital enlarge- 
ment may be the result of a precocious adrenarche. It is further postulated 
that this development occurs prematurely because of agenesis or destruc- 
tion of a center in the brain in or near the posterior hypothalamus, the 
function of which is to prevent pituitary stimulation of the androgenic 
zone of the adrenal until the time of puberty. 
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IDIOPATHIC LACTATION FOLLOWING 
THORACOPLASTY 


SHIRLEY GROSSMAN, M.D., ABRAHAM 8. BUCHBERG, 
M.D., EUGENE BRECHER, M.D. ann LEONARD 
M. HALLINGER, M.D. 


From the Division of Pulmonary Diseases, Montefiore Hospital, New York, N. Y. 
and the Montefiore Country Sanatorium, Bedford Hills, N. Y. 


URING the past year bilateral breast secretion was observed 

following thoracoplasty in 4 nonpregnant multiparous female pa- 
tients with active pulmonary tuberculosis on the Division of Pulmonary 
Diseases at Montefiore Hospital. Similar observations were reported in 
10 instances (1) while this paper was in preparation. However, no other re- 
ports of lactation following thoracoplasty could be found, although it has 
been reported after plastic surgery on the breast (2). Because of the relative 
rarity of this observation it appeared of interest to report these findings. 


CASE HISTORIES 


Case 1: W. I.,a 29-year-old Negro female, gravida 3, para 1, was found to have pul- 
monary tuberculosis in 1945. She was admitted to Montefiore Hospital in May, 1948 with 
far-advanced bilateral pulmonary tuberculosis. Streptomycin therapy was given for 
three months and this was followed in December, 1948 by a 2-stage, six-rib right thoraco- 
plasty. Two days after the first-stage thoracoplasty was performed, a profuse secretion 
was noted to flow from both breasts. After several weeks there was a gradual diminution 
in the quantity of the secretion and six months following the thoracoplasty, 1 or 2 drops 
of a thick, white material could be expressed from each nipple. Neither increase in the 
size, nor tenderness of the breasts was noted during lactation. Throughout the entire 
period of observation no menstrual abnormality was noted. 

Menarche occurred in this patient at the age of 12 and thereafter menstrual periods 
occurred at regular intervals and were of normal duration. The last pregnancy, which 
occurred four years prior to the thoracoplasty, was a tubal implantation necessitating a 
right salpingo-oophorectomy. 

Gynecologic examinations on 4 different occasions during the six months following 
the thoracoplasty revealed no uterine enlargement and no adnexal masses. Friedman 
tests were performed on 2 occasions, with negative results. Urinary follicle-stimulating 
hormone assay was positive for 13 mouse units, and negative for 52 mouse units per 
twenty-four hours. Urinary 17-ketosteroids (total neutral fraction) were 5.9 mg. per 
twenty-four hours. Urinary chorionic gonadotropin assay was negative for 3,480 Inter- 
national units per twenty-four hours (1,740 ce. of urine).! 

Case 2: J. S., a 30-year-old white female, gravida 2, para 2, had pleurisy with effusion 





Received for publication January 19, 1950. 
1 Hormonal studies were obtained through the courtesy of Dr. George Escher, Me- 
morial Hospital, New York. 
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in 1935. In January, 1947, a diagnosis of active pulmonary tuberculosis was made. The 
patient was treated with streptomycin for three months, from December 1948 to March 
1949, following which a three-stage left thoracoplasty was performed between March 
and May, 1949. Three days after the third-stage thoracoplasty the patient noted pro- 
fuse milk-like discharge from both nipples with no enlargement or tenderness of the 
breasts. This fluid gradually decreased four weeks later; however, at the present time, 
thirteen months after operation, a drop of fluid can still be expressed from each nipple. 
One menstrual period was missed immediately following surgery. Following re-estal)- 
lishment of menses, the patient’s menstrual cycle became normal and has remained so 
to date. 

Menarche occurred at the age of 13 and the patient’s menses were always regular. 
The patient had 2 normal pregnancies, the second of which terminated in April, 1947. 
Neither child was breast fed and no mammary secretion was noted in the postpartum 
period because the patient was treated with estrogenic substances. 

Numerous pelvic examinations revealed no uterine or tubal enlargement and a Fried- 
man test gave negative results in June, 1949. 

Urinary follicle-stimulating hormone assay was positive for 52 mouse units and nega- 
tive for 104 mouse units per twenty-four hours. Urinary 17-ketosteroids (total neutral 
fraction) were 13.4 mg. per twenty-four hours. Urinary chorionic gonadotropin hormone 
assay was negative for 2,480 International units per twenty-four hours (1,240 ce. of 
urine). 

Case 8: E. J., a 36-year-old white female, gravida 2, para 2, was found to have active 
pulmonary tuberculosis in 1937. In January, 1943 a three-stage right thoracoplasty was 
performed. One week after the third stage of thoracoplasty, a thin milk-like material 
oozed from both breasts. The breasts were enlarged, firm and tender. This secretion 
gradually decreased in amount and after several months only a small amount could be 
expressed from the nipples. Stilbestrol was given daily for several weeks without any 
effect on the lactation. It is still possible to express a drop of whitish liquid from the 
breasts, six years following surgery. 

The patient always had scant, irregular menses with periods of amenorrhea ranging 
from six to twelve months. There was a period of amenorrhea from November, 1942 to 
March, 1948 before, during, and after the onset of the lactation. During the past six 
years, the intervals between menses have usually been normal with an occasional missed 
period. Both of the patients’ pregnancies resulted in normal deliveries; the most recent 
one occurred one year prior to the onset of the breast secretion. The patient did not lac- 
tate post partum because lactation was inhibited by the administration of stilbestrol. 
Repeated pelvic examinations revealed no gynecologic abnormality. 

Three Friedman tests gave negative results in January, 1943. Urinary follicle-stimu- 
lating hormone assay was positive for 13 mouse units per twenty-four hours. Urinary 
17-ketosteroids (total neutral fraction) were 16 mg. per twenty-four hours. Urinary 
chorionic gonadotropin hormone assay was negative for 1,530 International units per 
twenty-four hours (760 ce. of urine). 

Case 4: B. G., a 24-year-old Puerto Rican, gravida, 3 para 1, was found to have active 
pulmonary tuberculosis in April, 1948. Streptomycin was given from June to December, 
1948 in multiple short courses. A two-stage, six-rib right thoracoplasty was performed 
in December, 1948 and January, 1949. Several days after the second stage, a milk-like 
secretion flowed from both breasts. This secretion continued for five months and then 
gradually diminished in amount. No secretion can be expressed at present. Between 
June and September, 1948 there was complete amenorrhea, followed by the re-estab- 
lishment of normal menses. 
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Menarche occurred at the age of 13 years. The cycle was always regular, every twenty, 
eight to thirty days. The last pregnancy was four years prior to surgery. Two previous 
pregnancies had resulted in the deaths of the fetuses because of pelvic-fetal dispropor- 
tion and breech presentations. 

Repeated pelvic examinations at the time of the amenorrhea and following the onset 
o! the lactation revealed no uterine enlargement and no adnexal masses. 

A Friedman test gave negative results in August, 1948. Urinary follicle-stimulating 
hormone assay was positive for 52 mouse units and negative for 104 mouse units per 
twenty-four hours. Urinary 17-ketosteroids (total neutral fraction) were 9.8 mg. per 
twenty-four hours. Urinary chorionic gonadotropin assay was negative for 1,810 Inter- 
national units per twenty-four hours (905 ce. of urine). 


COMMENT 


In the 4 patients, following thoracoplasty for far-advanced tuberculosis; 
mammary secretion developed. This lactation began abruptly within the 
week following the operation, was unrelated to the menstrual cycle, and 
lasted (in the different individuals) for from five months to six years. One 
to four years had elapsed since the last pregnancy in all patients. These 
women were normally developed females; and breast enlargement, tender- 
ness, and nipple changes such as occur during pregnancy, were not present 
prior to the onset of the lactation. The possibility of pregnancy was ex- 
cluded by repeated physical examinations and urinary hormone assays. 

Lactation and breast development are under the control of pituitary, 
gonadal, adrenal, and placental hormones as well as neurogenic impulses 
originating from mechanical sensory stimulation of the breast, especially 
the nipple area. In the normal development of the breast at puberty, 
estrogen influences the growth of the duct system whereas the principal 
effect of progesterone is on the alveolo-lobular system. During pregnancy, 
the production of estrogen and progesterone is increased tremendously and 
breast development proceeds under the stimulation of these steroid hor- 
mones derived from the placenta, in addition to the ovary. The increase 
in breast size during the normal menstrual cycle also occurs simultaneously 
with the development of the highest titers of estrogen and progesterone. 

The initiation of lactation following pregnancy is associated with the 
secretion of the protein hormone, prolactin, by the pituitary and also with 
the simultaneous postpartum fall in estrogen and progesterone levels 
which follows removal of their chief source of production, the placenta. 
The exact mechanism of this effect is not thoroughly understood (3). 
Prolactin is present throughout pregnancy; however, lactation does not 
occur until the estrogen and progesterone levels fall after delivery. It is 
believed that the secretion of prolactin by the pituitary may be partially 
inhibited during pregnancy by the large concentrations of estrogen and 
progesterone in the blood, and that the fall in the level of these hormones 
may remove the inhibition of prolactin secretion. The resultant increase 
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in prolactin production initiates lactation. In addition, it has been suy- 
gested that estrogen and progesterone may directly inhibit milk produc- 
tion by the breast (4). Prolactin is capable of initiating lactation even in 
the absence of the preparatory breast development characteristic of 
pregnancy. 

After initiation by the hormonal factors mentioned above, the maintv- 
nance of lactation during pregnancy is dependent on an afferent neurogenic 
impulse originating in mechanical sensory stimulation of the nipple due 
to suckling, which in turn stimulates the hypothalamus and pituitary to 
cause continued prolactin secretion (5). This ‘‘suckling reflex,’’ which is 
carried by means of the anterior and lateral branches of the fourth, fifth 
and sixth thoracic nerves, has been shown experimentally to evoke 
the production of enough prolactin to induce lactation in the absence of a 
pregnancy. Prolonged mechanical stimulation of the breast has been re- 
ported to produce lactation in nonpregnant women and even in men (6). 

More rarely, lactation or galactorrhea has been reported in patients 
with either neoplasm or atrophy of the ovaries or uterus, in acromegaly, 
and during the course of an otherwise normal menstrual period (7, 8). 

Since all the known causes of lactation following thoracoplasty had been 
ruled out, the most likely explanation of the phenomenon reported here 
appeared to be the vicarious operation of the usual, ‘‘physiologic’’ com- 
ponents involved in lactation. 

Enlargement and tenderness of the breasts occur normally during the 
week preceding the onset of menses. At this time, estrogen and pro- 
gesterone levels reach the highest peaks observed during the menstrual 
cycle. About twenty-four hours before the expected menses, there is an 
abrupt fall in the estrogen and progesterone levels. Thus the situation 
during the menstrual cycle can be regarded as a small-scale analogy of the 
changes occurring during pregnancy and delivery in preparation for 
lactation. Although none of our patients showed this relationship, 6 of the 
10 patients previously reported (1) were operated on one to two days he- 
fore an expected menses and it is probable that patients in the premenstrual 
phase are more likely to lactate because of the breast sensitization and 
hormonal withdrawal that is present in this phase of the menstrual cycle. 

Another factor that would favor the abrupt fall in estrogen and pro- 
gesterone levels associated with the initiation of lactation, is the suppres- 
sion of gonadal function that accompanies the increased adrenal cortical 
activity observed after major trauma, such as an operation. This phase of 
increased adrenal cortical activity is commonly referred to as “the alarm 
reaction of Selye’”’ and has been shown experimentally to be accompanicd 
by actual gonadal atrophy in certain cases (9). The fact that the admini:- 
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tration of estrogens to these patients failed to inhibit the lactation may be 
regarded as evidence that progesterone levels were low, since it has been 
shown that estrogens will suppress lactation only in the presence of ade- 
quate quantities of progesterone (4). 

Probably the most important factor associated with the onset of lacta- 
tion after thoracoplasty is the continuous stimulation of the neurogenic 
component of the lactation mechanism and consequent release of pituitary 
prolactin due to mechanical injury and inflammation of the thoracic nerves 
tollowing the operative procedure. Some branches of the fourth, fifth, and 
sixth thoracic nerves which carry the afferent arc of the neurogenic com- 
ponent of lactation were undoubtedly severed and bruised in the course 
of the operation and the resultant inflammatory stimulation of the cut 
nerve-ends may be regarded as equivalent to the stimulus derived from 
the ‘“‘suckling reflex.’’ In the presence of breast sensitization or fall in 
ovarian hormones due either to the menstrual cycle or the alarm reaction, 
increased prolactin secretion due to neurogenic stimulation would be 
likely to induce lactation. 

In support of this explanation are the observations that lactation can be 
induced, even in the absence of a fall in ovarian hormones, by administra- 
tion of prolactin, by mechanical stimulation of the nipples of both male 
and female breasts, by burns of the chest, plastic surgery of the breast, 
and herpes zoster (10) of the region supplied by the sensory nerves of the 
breast. In each instance, either the administration of prolactin or in- 
flammatory stimulation of the sensory nerve roots mimicked the “‘suckling 
reflex’”’ and contributed to the onset of lactation. 


SUMMARY 


1. Four cases of lactation following thoracoplasty in nonpregnant multip- 
arous female patients are presented. 

2. Hormonal studies revealed values within the normal range for urinary 
follicle-stimulating hormone, urinary chorionic gonadotropin and urinary 
17-ketosteroids. ‘ 

3. A possible explanation for the mechanism of lactation following 


thoracic surgery is suggested. 


REFERENCES 


. SaLKIN, D., and Davis, E. W.: Lactation following thoracoplasty and pneumo- 
nectomy, J. Thor. Surg. 18: 581, 1949. 

. Von Marougsy, T.: Mammary function following plastic surgery for hypertrophy, 
Arch. f. klin. Chir. 201: 791, 1941. 

. Fouiey, 8. J.: The hormonal control of lactation, J. Roy. Soc. Arts 93: 114, 1945. 

. Sete, H.: Textbook of Endocrinology, Montreal, Acta Endocrinologica, 1947. 





734 GROSSMAN, BUCHBERG, BRECHER AND HALLINGER Volume ii 


. Sevye, H.; Couurp, J. B., and THomson, D. L.: Nervous and hormonal factors i: 

lactation, Endocrinology 18: 237, 1934. 
3}. Fouuey, 8. J.: The nervous system and lactation, Brit. M. Bull. 5: 142, 1947. 

. Bium, D. M., and Smyru, A. M.: Abnormal lactation, J. Iowa Med. Soc. 20: 

206, 1930. 
8. GescuickTER, C. F.: Diseases of the Breast, ed. 2, Philadelphia, J. B. Lippincot' 

Co., 1945. 

. Se.yg, H.: The general adaptation syndrome, J. Clin. Endocrinol. 6: 117, 1946. 

. Queries and Minor Motes, J.A.M.A. 140: 1375, 1949. 





Endocrine Review 


THE CLINICAL SIGNIFICANCE OF THE BLOOD 
IODINE: A REVIEW* 


RICHARD L. RAPPORT, M. D. anp GEORGE M. CURTIS, M.D. 
From the Department of Surgical Research, The Ohio State University, Columbus, Ohio 


INHE past decade is replete with discoveries which have added to our 
understanding of the nature of thyroid disease, as well as to our con- 
cepts of the metabolism of iodine, the element so intimately involved in 
the cellular physiology of the thyroid gland. A number of these have 
developed directly from experiments concerned with determinations of the 
blood iodine. Until recently blood iodine determinations, because of tedi- 
ous, complicated, and time-consuming methods, have been restricted to 
the research laboratory. However, simplified methods which will enable 
any good clinical laboratory easily to determine blood iodine levels have 
become available. As a consequence the blood iodine is now assuming a 
significant position in the armamentarium of the clinician, to be used in the 
diagnosis of thyroid diseases as well as to aid in differentiating disorders 
of the thyroid gland from the many pathologic conditions which may 
simulate them. 


HISTORICAL BACKGROUND 


It was a fortunate empiricism which prompted the ancients to use burnt 
sponge and seaweed in the treatment of goiter. The presence of iodine in 
sponges was demonstrated soon after the element had been discovered by 
Courtois (1) in 1811 and publicly announced by Clément (2) in 1813. This 
related iodine at once with the study of goiter. Subsequent biochemical 
investigations concerning the thyroid gland have centered largely around 
that element. 

In 1820, Coindet (3) used iodine in the treatment of thyroid disorders. 
Most authorities give him credit for the first therapeutic use of the drug. 
Prout (4), however, in 1816 appears actually the first to have employed 
iodine (in the form of hydriodate of potash) as a remedy for goiter. As early 
as 1819 this therapy was adopted in England by Elliotson at St. 
Thomas’s Hospital. 

In 1853 Chatin (5) produced what even now seems good evidence to 
prove that endemic goiter was associated with iodine deficiency. Because 


* This report was aided by a Grant from the Mary Christie Curtis Fund for Surgical 
Research of the Ohio State University. 
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of frequent contradictions, however, and due largely to the undependa- 
bility of his coarser chemical methods, his findings were not accepted ai 
that time. The French Academy of Medicine, nevertheless, tested his 
theory by administering iodine therapeutically, but gave such large dose: 
that the frequent occurrence of unfavorable reactions caused them to 
abandon the attempt. Following this unsuccessful French experience, the 
iodine theory received a setback, and, due primarily to the findings o! 
Pasteur, the theory of infection gained credence. 

The one obstacle constantly blocking significant advance was the lack 
of a reliable micromethod for the determination of those minute quantities 
of iodine which occur biologically. The presence of iodine in the thyroid 
gland had been originally demonstrated by Baumann in 1895 (6), the thy- 
roid iodine being readily determined by the older, coarser quantitative 
methods. In 1899, Gley and Bourcet (7) were unable to demonstrate iodine 
in 100-200 cc. of dog serum, but did manage to find it upon analysis of a 
full liter. This was subsequently confirmed by some, although denied by 
others. 

A reliable method for the determination of biologic iodine was intro- 
duced in 1914, when Kendall (8) devised a modification of Hunter’s (9) 
method which gave accurate results in materials containing relatively 
large quantities of iodine. This method, however, was unreliable in the 
study of blood and tissues unless large amounts of material were used for 
each analysis. Nevertheless, Kendall’s determination for ox blood of 0.013 
mg. per 100 cc. (13 gamma! per cent) was the ‘‘first modern figure.”’ This 
compares favorably with values now being determined by simpler and 
more accurate methods. 

Eventually, in 1924, von Fellenberg (10) published a micromethod 
which could detect 0.0001 mg. of iodine in organic materials. Six years 
later McClendon (11) presented an equally sensitive method. Both were 
cumbersome, but accurate, and the analytic results obtained from their 
use have led to definite advances in our knowledge of the metabolism of 
iodine in normal people, as well as in patients with various thyroid diseases: 


METHODS 


This review has been prepared primarily to determine the clinical ap- 
plicability of blood iodine determinations. An extensive evaluation of those 
methods which have been developed along with their various modifica- 
tions, consequently, is not within the scope of this discussion. A brief 
comment, however, concerning certain of the procedures, as well as an 
interpretation of the variable results manifest from them seems not only ap- 
propriate but essential. 





1 A gamma is one microgram, or 0.001 milligram. 
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One of two principles is ordinarily followed in estimating the iodine 
content of blood. The first, an open combustion method, has been held in 
disfavor by certain investigators, owing to the likelihood of iodine loss, as 
well as to easier contamination from the environment (12, 13). The second 
principle, however, in which destruction of the organic material is ac- 
complished in a closed chamber, has also been criticized (13, 14). 

McCullagh (13) in 1935, attempted to devise a new procedure and con- 
sequently investigated the various methods developed up until that time. 
After reviewing the von Fellenberg procedure, as well as several of its 
modifications (Aitkin (15, 16), Leitch and Henderson (17), Closs (18), 
Veil and Sturm (19)), he concluded that no modification of von Fellen- 
berg’s method would prove satisfactory for two reasons: 1) iodine is lost 
during the heating in an open crucible, and 2) the technique is extremely 
difficult and cumbersome. Von Fellenberg himself recognized the necessity 
for improvement, as is manifest by his publication of a modified method in 
1930 (20). In this he avoided certain of the technical difficulties of the 
original procedure, but nevertheless continued to lose iodine by heat. He 
even devised a special apparatus with which, disadvantageously, only one 
determination could be made at a time. The colorimetric method of Turner 
(21, 22) also failed to give satisfactory results, both in the hands of 
McCullagh and according to him, in the laboratories of E. C. Dodds. The 
closed combustion method of Karns (23) gave results which appeared too 
high. Other closed combustion procedures (Pregl (24), Leipert (25), Bau- 
mann and Metzger (26)) were discarded because they required special 
equipment and necessitated the slow process of drying. 

Perkin and Lahey (27) in 1940 pointed out that the numerous methods 
of analysis reported in the literature up until that time (8, 9, 15, 17, 20, 
26 and 28-54) gave ample evidence in support of the conclusion that the 
quantitative estimation of the iodine content of blood was not an easy 
procedure. To the 33 methods listed above may be added at least 26 more, 
some developed before and others since that time (10, 11, 13, 21-25 and 
55-72). 

J. B. Orr (73) in 1931 stated as follows: “It has been made clear that the 
present methods in use for the estimation of iodine in very minute quanti- 
ties and in the presence of organic materials are so unsatisfactory as to 
impede further progress in research. There is need for a standard method 
of estimation suitable for use by all workers alike that will give results 
closely approximating to accuracy, or results in which the standard error 
is constant and known.” 

The situation today has been even further confused by additional 
methods as well as numerous modifications of those already known. The 
results reported lose a large share of their meaning because of this, since 
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both the normal values and normal ranges are variable. Nevertheless, on: 
is agreeably surprised by the relative consistency of the different reports 
We agree with Perkin and Lahey (27) that ‘‘any investigator who will care 
fully adhere to the technique of any of the so-called standard procedure: 
for determining the iodine content of the blood can obtain results whic! 
are relative one to another.” 

During the past twenty-two years our group has developed 4 successive 
methods for the determination of the blood iodine. The first was an adap- 
tation of the original von Fellenberg procedure (31). It was truly a ‘‘re- 
search method.”’ A number of time-saving modifications were subsequently 
made and particularly an automatic, electrically controlled muffle-furnace 
was installed in order to prevent iodine loss from the crucibles by over- 
heating. This method (43) was also most tedious and time-consuming. 

Our third method (62) was an adaptation of the Leipert procedure (25). 
This proved of such chemical accuracy that our extensive balance studies 
were made with it. On the other hand, it required great care and usually 
a long apprenticeship. It was an accepted chemical method. By its use we 
became convinced of the significance of fractionation of the blood iodine 
into protein-bound and soluble components. 

As a consequence, during the summer of 1948 Dr. Arthur C. Connor, 
working with our group, developed the fourth, an accepted clinical method 
(60). This is of particular value for the determination of the protein- 
bound blood iodine, whereas our method 3 appears more suitable for foods, 
urine and feces. 

There is a real need for uniformity of method. Blood iodine values have 
been determined in the past primarily for research purposes; however, they 
have become increasingly significant in the differential diagnosis, manage- 
ment and prognosis of the patient with thyroid disease, and should now 
be made available for general clinical use. It appears obvious that one 
standard method should be selected before clinical laboratories throughout 
the country begin mass blood iodine determinations. Such a method should 
conform to McCullagh’s criteria of accuracy, rapidity, ordinary technique 
and simple apparatus (13). Several other qualifications should also be 
added: dependability, small required blood volume, minimum laboratory 
space and expense, and a facility for one competent technician to run 
multiple, simultaneous determinations. 

These standards are satisfied by our method 4, the procedure which we 
now use for all clinical determinations of the blood iodine (60, 74). This 
has consistently given clinically applicable and duplicable results, both 
in our hands and in the laboratories of others. We have been able to teach 
competent technicians totally unfamiliar with the procedure in as little as 
three days. As many as 12 determinations have been done by one technician 
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in an 8-hour day. Other useful clinical methods have been developed else- 
where. 

We insist, however, that although the results obtained from any one of 
many methods may be significantly compared to each other, until a uni- 
form technique is adopted the results from one method cannot be sta- 
tistically compared with those from another. Confusion is inevitable, as 
has been seen in the preparation of this review. 


THE NORMAL BLOOD IODINE AND SOME FACTORS AFFECTING IT 
Normal values for the total blood iodine 


Gley and Bourcet reported as early as 1900 that dog serum contained 
55 gamma of iodine per liter, an equivalent of 5.5 gamma per hundred ce. 
(7). Nearly two generations have been spent in “reducing the aliquot 
sample of blood to 10 ce.” (113). Nevertheless, but little change has been 
made in the actual values reported for the total circulating iodine. Davis, 
Curtis and Cole (116), while reporting their own average total blood iodine 
level as 12.0 gamma per cent, with a range of from 8.9 to 13.8, summarized 
the normal values of others which ranged from a low of 4.3 gamma per 
cent (117) to a high of 32.0 gamma per cent (53). Other characteristic 
values fall between these two extremes (13, 19, 27, 34, 49 and 119-123). 

In respect to this wide range of normal. values several factors should be 
noted. In the first place no great significance need be attached to the ab- 


solute magnitude of these figures. From the clinical aspect and even, in 
many instances, from the viewpoint of research, it is the comparative 
relationship between normal and abnormal values which is significant. In 
addition, the total blood iodine is not a good indication of the amount of 
circulating hormone. In fact, in our clinic the soluble fraction is largely 
disregarded except as an indication of iodination. 


Normal values for the protein-bound blood iodine (PBI) 


In contrast to the total blood iodine, values for the protein-bound frac- 
tion, as determined by different methods, show relatively small variation 
and a narrower excursion of normal values. A normal range of from 4.0 
to 8.0 gamma per cent has been reported by several investigators (85, 88, 
124, 125). Others, including our own figures of from 3.7 to 6.7 (74) closely 
approximate this: 6.0 to 8.4 (72), 3.5 to 7.0 (100). Values above these nor- 
mal ranges are indicative of hyperthyroidism and those below, of hypo- 
thyroidism. However, it should be appreciated that a small percentage of 
values will fall in narrow borderline regions where normal and abnormal 
are not distinctly separable. In other words the protein-bound blood iodine 
is no different from any other good clinical laboratory test. Moreover, a 
diagnosis of thyroid dysfunction cannot be made from it alone any more 
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than a diagnosis of acute appendicitis can be made from the total and 
differential leukocyte count. 


Sex 


Slightly higher values for the blood iodine have been reported in the 
male than in the female (116). Other investigators have found no variation 
between the sexes (27, 121). 

Perlmutter and Riggs (98) report a gradual drop in the uptake gradient 
of radioactive iodine from puberty to senescence in the male, whereas in 
the female there is a sharp drop to low levels after the menopause. There 
is no sex difference in the gradient at puberty, although after puberty the 
mean gradient in the female is consistently higher than in the male. On 
the basis of these investigations they suggest an influence of the sex hor- 
mones on the peripheral utilization of thyroid hormone. They report no 
difference in blood iodine levels. 

In general it appears that any differences in blood iodine values which 
might exist between the sexes are so small as to be insignificant. 


Season 


Several reports have appeared confirming the original claim of Veil and 
Sturm (19, 122) that the blood iodine is higher in summer than in winter 
(13, 80, 116, 126). This is contradicted by at least one investigator (127). 


Other reports (27, 121, 128, 129) fail to find any seasonal variation. These 
investigations, however, have all been carried out on total blood iodines. 
We have been unable to find any studies of the PBI in relation to this sea- 
sonal fluctuation. These should be done. It is our impression that if any 
such differences do exist, they are minute and of little or no clinical sig- 
nificance. 


Age 


Man et al. (124), in a study of 72 normal children aged 6 weeks to 16 
years, found all but one blood iodine value to fall within the normal range. 
Moreover, this one low value could have been explained on the basis of 
anorexia nervosa. This was confirmed by Talbot (72) in a group of 39 
children aged 3 to 13. He additionally reported the response of the blood 
iodine in cretinism or in juvenile hypothyroidism to be as in the adult. 
Curtis has reported a case of juvenile hyperthyroidism in an 8-year-old 
boy, in which the blood iodine behaved as in the adult, responding similarly 
to iodine medication and returning to normal after thyroidectomy (130). 

Perlmutter and Riggs report a normal PBI in senescence despite an ap- 
parent decreased utilization of thyroid hormone (98). 

It appears that the level of the blood iodine is not significantly altered 
in different age groups (27, 121). 
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Menstruation 


Studies of the fluctuation of the blood iodine during the menstrual 
cycle have brought forth conflicting reports. Many investigators have 
reported an increase during menstruation (13, 19, 128, 131, 132, 133). 
Fowweather, however, found the blood iodine rising one week preceding 
and falling after menstruation (117). Danowski reported a trend toward a 
mideyele rise in the PBI, with a decrease during the postovulatory phase 
(134). Peters et al. have shown a small decrease in the PBI from pre- 
menstrual to postmenstrualkstates (135). At least one investigator could 
determine no fluctuation in the blood iodine during the menstrual cycle 
(136). Perkin concludes that the variation attributed to menses is not con- 
sistent to a degree applicable in all instances (27). 

Iodine-free ovarian extract has been found capable of increasing the 
iodine content of blood (137). Hirsch expressed the belief that periodic 
fluctuations in the blood iodine in menstruating women are indicative of 
a thyroid-ovarian relationship (138). Cole and Curtis reported a premen- 
strual or menstrual rise in the urinary excretion of iodine, which pre- 
sumably reflects a fluctuating level of iodine in the blood (139). 

Because of the interrelationship postulated between the various endo- 
crine glands this problem is interesting. Too few of the published reports, 
however, are concerned with fractionated blood iodine and hence the PBI. 
Their significance can, therefore, be questioned. Further investigation is 
indicated.? 

Pregnancy and sterility 


It is generally agreed that hyperplasia of the thyroid gland is physiologic 
during pregnancy and it has been presumed that this reflects a normal 
increase in thyroid activity. Many investigators have confirmed an ele- 
vation of the total blood iodine and of the PBI, associated with the gland 
hyperplasia (19, 27, 100, 125, 134, 135, 140, 141, 142, 143). It has been 
stated that this may represent an accentuation and prolongation of the 
rise observed between menstrual cycles (134). An increase in the basal 
metabolic rate is usual during pregnancy although most reports indicate 
that this occurs late. The PBI, however, rises sharply as early as the 
third week and remains elevated until delivery, after which it rapidly 
returns to normal (125, 135). This rise in blood iodine and in the rate of 
oxygen consumption is not accompanied by other manifestations of hyper- 
thyroidism. Indeed, the serum cholesterol frequently increases, as in hypo- 
thyroidism. Although clinical hyperthyroidism may begin during preg- 


2 We are determining the PBI during the menstrual cycle in a group of student 
nurses at the University Hospital. However, our data are not yet sufficient to interpret. 
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nancy, this is a rare occurrence and does not influence the course of prez- 
nancy nor prevent conception (135). 

It is the custom of many obstetricians to administer iodine as part of 
routine prenatal care. Although it appears reasonable that extra iodiie 
may be needed to provide sufficient hormone to allow for the increased 
metabolism of a developing fetus, this therapy has not been based on good 
experimental evidence. David, Zener and Phetak (141, 142, 148) studied 
two groups of pregnant women, one a control and the other during iodine 
therapy (lipoiodine, 30 mg. daily). They concluded that during pregnancy 
a reciprocal relationship exists between the BMR and the blood iodine, a 
rise in one being accompanied by a fall in the other. They failed to differ- 
entiate, however, the effect of exogenous iodine on the circulating iodine, 
reported total rather than fractionated values, and did not follow one 
group throughout the period of pregnancy. Their results are consequently 
of doubtful significance. Peters did not find the PBI during pregnancy con- 
sistently related to the concentration of iodine preceding pregnancy (135). 
Heinemann found no diminution in the PBI of pregnant women after 
giving 30 drops daily of Lugol’s solution (125). 

It is claimed that hypometabolism is unusually frequent in women who 
cannot conceive and desiccated thyroid, therefore, is often used in the 
management of sterility. Peters found no evidence of abnormal blood 
iodine values either in infertile women or in those suffering from toxemias 
of pregnancy (135). On the other hand, suggestive evidence has been re- 
ported by Heinemann that a low PBI at the onset of pregnancy may be 
associated with threatened abortion which was ‘“‘prevented”’ (in 2 cases) 
by the administration of active thyroid substance (125). 

Further investigation of the fractionated blood iodine during pregnancy 
and particularly in sterility is indicated. 


Foods and exercise 


Perkin reported the total blood iodine to vary between rest and activity 
(144). McCullagh, on the other hand, had young men run up and down 
eight flights of stairs for ten minutes and although the BMR rose very 
high, to plus 353 in one instance, there was little change in blood iodine 
(13). Neustadt studied a group of psychopaths (including states of agitated 
melancholia, hypermania and catatonic excitement) and concluded that 
physical strain and motor activity do not influence the blood iodine (136). 
Preliminary investigations at the Ohio State University on members of the 
varsity football squad likewise showed insignificant differences before anil 
after scrimmage (145). 

McCullagh reported the same values for the blood iodine before an:| 
after eating, unless the diet contained large amounts of iodine (13). We 
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are interested, also, in the effects of food. It would be extremely advanta- 
geous for the physician if significant blood iodine values could be deter- 
mined on blood drawn from nonfasting patients during office hours or at 
other times during the day.’ 


Miscellaneous 


Constitutional type: Perkin and Lahey state that, in general, persons 
of vagotonic type have blood iodine values within the range of low normal 
whereas those of sympathicotonic type show values within the range of 
upper normal (27). 

Calcium: Excessive calcium in the diet affects the blood iodine level in 
experimental animals (146), although no obvious effect upon the level of 
human blood has been shown (116). 


FRACTIONATION OF THE BLOOD IODINE 


Clinical investigators are continually seeking accurate quantitative 
methods for the determination of circulating hormones. Of these, thyroxine, 
because of its iodine content, is one of the few which is fortunately ‘“‘la- 
beled.”’ Therefore, although no suitable clinical methods exist for esti- 
mating actual circulating thyroxine, procedures have been designed to 
separate the hormonal from other forms of circulating iodine, and then to 
estimate its value from the iodine content of this fraction. It has long been 
known that the whole-blood iodine is labile; too, that it varies directly 
with the iodine intake. For this reason the whole-blood iodine cannot be 
used to measure the concentration of circulating thyroid hormone. Indeed, 
if a myxedematous patient is fed a copious supply of oysters or given iodine 
medication, the total serum iodine will exceed normal (75). Since values 
for the total circulating iodine are so susceptible to variations in diet as 
well as to other exogenous factors, more recent investigation has dealt 
largely with the protein-bound fraction of the whole blood, plasma or 
serum iodine. 


Methods of fractionation 


As early as 1900, Gley and Bourcet dialyzed serum and found that most 
of the iodine present was nondiffusible. Since all the blood iodine was be- 
lieved to be in the plasma or serum they concluded that it existed in pro- 
tein combination (7). Since that time many investigators have studied the 
protein-bound iodine, using various substances to precipitate the proteins. 
Dialysis (76, 77) electrodialysis (45), acetone (29, 61, 78), aleohol (19, 69, 
79, 80, 81, 82), silver and nitric acid (83). Somogyi’s reagent (57, 60, 

3 Studies comparing fractionated blood iodine values in fasting and in nonfasting pa- 
tients are now being carried out in our clinic. 
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84, 85) methanol followed by acetone washing (86) and heat and acetic 
acid (87, 88) have all been employed. 

It is questionable whether certain of these methods of precipitating tlie 
blood proteins are valid. Boyd and Clark have shown that the expression 
of iodine fractions according to their respective solubility (or insolubility) 
in acetone, ethyl alcohol or methanol is not valid since the amount of iodine 
extracted depends upon varying degrees of heat and hydrolysis (56). Silver 
has extracted all the iodine from the blood with ethyl alcohol by using 
proper precautions and has shown that all normal circulatory blood iodine 
resists dialysis. He concluded, therefore, that it is bound to protein, and 
that any significant quantity of inorganic iodine in the blood exists only as 
an artefact of chemical manipulation (69). Trevorrow has shown that it 
is dubious whether much of the normal blood iodine is truly “inorganic” 
unless iodide has been recently ingested. She has shown further that or- 
ganic solvents do not separate potassium iodide, thyroxine or other 
simple organic compounds from the iodine normally occurring in blood 
(84). 

Our results, using Somogyi’s reagent as a precipitant, indicate that only 
minute quantities of inorganic iodine (often one microgram per cent or less) 
are usually present in the blood of persons not receiving exogenous iodine 
(89). 

Although most normal blood iodine is bound by protein it can be re- 
moved from protein almost completely by extraction with butyl alcohol; 
or by continuous extractions with ethyl alcohol or acetone (84). Salter in- 
terprets this by postulating that the union with protein may be due to 
adsorption rather than firm chemical combination (90). By varying the 
chemical procedure, normal fasting blood iodine can be left almost entirely 
adherent to protein or be removed completely from it. Since many of the 
procedures now in use represent intermediate fractionation steps, the vari- 
able results now being obtained are the more readily understandable. 


The nature and significance of the protein-bound fraction 


The exact nature of the protein-bound blood iodine‘ is unknown. There 
has accumulated, however, considerable evidence to support the state- 
ment that it is, at least in part, thyroxine or thyroxine-like. Even though 
its chemical identity is poorly understood, it has gained wide use as a 
clinical indicator of thyroid activity. 





4 Many names have been applied to this protein-bound fraction, among them: or- 
ganic iodine, insoluble iodine, nonextractable iodine, hormonal (‘‘H’’) iodine, thyroxine 
(‘‘T’’) iodine or thyroxine-like iodine, serum precipitable iodine (SPI), and nondiffusi! le 
iodine. It has been our custom to designate it the protein-bound blood iodine (PHI) 
and it is this abbreviation which we shall use in future discussion. 
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Man and her associates, by in vitro addition of thyroxine and diiodo- 
tyrosine, and by the intravenous injection of thyroxine, as well as by 
giving varying doses of desiccated thyroid by mouth, concluded that the 
PBI contains at least 80 per cent of diiodotyrosine iodine and virtually all 
the iodine in thyroxine or larger organic compounds of iodine (85). 

By using radioactive iodine (I''), Taurog and Chaikoff and their asso- 
ciates have further clarified the nature of the PBI (91-95). A progressive 
increase in iodine intake in the rat from 2 to 79 micrograms per day results 
in an increase in post-absorption values for the PBI (91). A further increase 
in iodine intake, however, fails to produce a significant rise. It seems, 
therefore, that in the normal animal the PBI is dependent upon the 
thyroxine content of the gland and is limited by the gland’s capacity 
to produce thyroxine. Moreover, approximately 90 per cent of the plasma 
iodine behaves like thyroxine in its solubility properties. When known 
thyroxine is added to the butyl alcohol extract of plasma the latter is 
crystallized along with it, and the labeled I'*! in the plasma thyroxine 
shows a constant specific activity after each recrystallization (92). This 
indicates that the I'*! in the butyl alcohol fraction of plasma is in the same 
chemical form as the material which underwent recrystallization, 7.e., 
thyroxine. 

Further support of the identity of the PBI, at least in part, with thy- 
roxine results from the evidence that the rate of appearance of injected 
inorganic I'*! in the protein fraction.of the plasma is greatly diminished by 
thyroidectomy and augmented by thyrotropic hormone; also that the rate 
of decrease in the PBI is more rapid after thyroidectomy than after hy- 
pophysectomy (93). It is concluded that the circulating thyroid hormone 
consists of thyroxine loosely attached to plasma protein (95). 

Swenson and Curtis have shown (78) that when normal human thyro- 
globulin is added to pooled normal human serum, from 93 to 100 per cent 
is quantitatively recovered in the insoluble fraction; furthermore, that the 
PBI increases along with the basal metabolic rate following administration 
of thyrotropic hormone and follows the generally accepted principles of 
the refractory period to thyrotropic stimulation as demonstrated by the 
Vanderlaans and Logan (96). Similarly the PBI decreases along with the 
basal metabolic rate following administration of goitrogenic drugs. Thus, 
the PBI appears a reliable clinical index of thyroid function. 

Peters and Man conclude that the PBI under usual circumstances is the 
most accurate measure of the activity of the thyroid gland: 1) by correla- 
tion with clinical manifestations of thyroid disease; 2) by comparison with 
the basal metabolic rate and serum lipids; 3) by studies of the effect of 
thyroidectomy and 4) by observation of the effect of thyroid substance on 
thyroxine. They state further that there is reason to believe that the 
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PBI may be largely if not chiefly composed of thyroid hormone (97). 

Bassett and Coons (88) have shown that the total PBI fluctuates largely 
along with the thyroxine-like iodine, and that this- fractionation appears 
a practical and useful method for clinical investigation and routine diag- 
nosis, since it affords at least a rough quantitative measurement of cir- 
culating thyroid hormone. In this respect evidence will be presented later 
to show that the PBI is, in general, elevated in hyperthyroidism and 
following the administration of thyroid substance, and lowered in hypo- 
thyroidism, after thyroidectomy and following administration of thiourea 
derivatives and other goitrogens. 

Some criticism has been directed toward the PBI, since in senescence, 
despite normal values for this fraction, there appears to be decreased 
activity of the thyroid gland. Perlmutter and Riggs, from experiments 
with uptake of radioactive iodine, believe that this is due to decreased 
peripheral utilization and that the concentration of the thyroid hormone 
in the blood depends not only on the rate of excretion from the thyroid 
gland, but also upon the rate of utilization by the peripheral tissues as well 
as the excretion from the body (98). This is substantiated by the observa- 
tion that in senile patients with hypothyroidism the effective dose of 
desiccated thyroid is usually smaller than in earlier age groups. 

Lowenstein e¢ al. in 32 patients, showed the PBI directly correlated with 
heat production regardless of age, sex, thyroid disease, lugolization or 
thyroidectomy (99). Riggs concludes that the concentration of the PBI 
depends directly upon the degree of thyroid activity and may be taken 
as an index of the level of circulating thyroid hormone (100). Means states 
that the PBI represents the level of hormone in the blood and that this is 
dependent upon its rate of delivery to, as well as removal from, the circula- 
tion (101). McClendon and Rice state that the nonextractable iodine 
(PBI) is thyroid hormone iodine (102). Lunde (79) and Holst (81) think 
that the PBI is only related to thyroid hormone. Davison, Zollinger and 
Curtis (103) and Davison and Curtis (61) similarly believe that the PBI 
appears to contain circulating thyroid hormone. Bruger and Member 
added thyroxine, diiodotyrosine and thyroglobulin to human serum, 
precipitated with Somogyi’s reagent, and found 88-109 per cent of added 
thyroxine, 89-107 per cent of added thyroglobulin and 89-107 per cent 
of added diiodotyrosine recoverable in the protein-bound fraction (57). 

Although it is generally thought that thyroxine or thyroxine-like ma- 
terial is present in the PBI it is the opinion of some that the plasma cir- 
culating hormone is not thyroxine per se. Salter cites three types of evi- 
dence in support of this view: 1) “Serum hormone’”’ can be fractionated 
into thyroxine-like and diiodotyrosine-like fractions; 2) if thyroxine is 
added to euthyroid serum, much of the added thyroxine can be removed 
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by extracting with organi¢ solvents, such not being the case with hyper- 
thyroid serum; although if a proteose or polypeptide is added, the rein- 
forced serum behaves more like the naturally hyperthyroid sample; 3) 
the serum hormone is specifically located in the albumen fractions of serum 
protein and may be produced by iodinating serum albumen (75). In 
addition, it is well established that calorigenic substances can be produced 
by iodinating such nonspecific proteins as casein. 

In a more recent communication Isliker and Abelin (104) isolated poly- 
peptides containing diiodotyrosine and thyroxirie from the thyroid gland. 
Both substances were found to have a more powerful action in combination 
than with protein alone. For example, the action of diiodotyrosine in pro- 
moting tadpole metamorphosis was increased 2,000 to 10,000 times by 
combination with amino acids of thyroprotein. The diiodotyrosine poly- 
peptide appeared to exert a regulating action toward thyroxine. 

It has been suggested that the thyroid hormone circulates as thyro- 
globulin. Hektoen and Schulhof (105) and Carlson, Hektoen and Schulhof 
(106) have prepared a specific precipitin for “thyreoglobulin” from rabbit 
serum. After injecting the animals with “‘thyreoglobulin” they were able 
to demonstrate, by this specific reaction, thyroglobulin in thyroid vein 
blood and in lymph from the thyroid gland, but none in the systemic 
circulation. They surmised that this was because of a dilution factor. 
However, it is unlikely that thyroglobulin, because of its large molecular 


size, can cross the thyroid cell membrane to enter the circulation. De- 
Robertis and Nowinski have demonstrated the effect of a proteolytic en- 
zyme within the colloid which breaks down the large protein molecule of 
thyroglobulin and permits release of the hormone: from the follicle (107, 
108, 109). It seems likely, therefore, that the specific precipitin prepared 
by Hektoen was for thyroxine and/or diiodotyrosine, rather than for 
thyroglobulin. 


Further fractionation of the PBI 


It is generally agreed that the PBI consists of more than one iodine- 
containing compound (88, 93, 110, 111), and it has been suggested (112) 
that thyroxine iodine would be a better measurement of the circulating 
hormone and thus be a more sensitive index of actual thyroid activity. 

On the other hand, there is confusion as to the exact nature of normally 
occurring calorigenic substance. There is little doubt as to the effect of 
crystalline thyroxine. However, diiodotyrosine itself appears to exhibit 
some calorigenic effect (113). Moreover, as has been mentioned, active 
substances can be prepared by simple iodination of such proteins as casein. 
Therefore, it seems logical that if substances other than thyroxine are 
effective in causing growth in tadpoles and in the management of human 
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myxedema, all these substances should be measured in any effort to 
determine thyroid status by a laboratory test. The PBI does this. 

Recent work in our own Clinic has shown that values for the PBI 
in patients on iodothiouracil therapy rise beyond the range of our method 
soon after beginning treatment with this high iodine-containing drug 
(89). The nature of the substance which we are measuring is not clear. 
At present we are investigating this problem. 


With which serum protein fraction is the PBI associated? 


The bulk of the circulating iodine appears bound to those proteiis 
within the “crude albumen”’ fraction of the serum. Salter and Basseit 
salted out the various fractions with ammonium sulfate (using McMeekin’s 
technique) and also by alcohol precipitation. By the former method, the 
highest concentrations of iodine appeared in the crude albumen fraction; 
by the latter in the high globulin fractions, 7.e., that part of the “crude 
albumen” fraction measured by the salting down process (111). Bassett, 
Coons and Salter corroborated this, showing that most of the PBI is 
associated with the serum protein fractions precipitated below a molarity 
of 3.0, and by use of the electrophorometer, further identified the ‘‘hor- 
mone’”’ with the ‘‘crude albumen”’ fraction (88). Riggs, Lavietes and Man 
agree with their contention (77). 

Salter (113) iodinated horse serum albumen in stages and then evaluated 
the thyroidal activity of these iodinated serums by testing their effect in 
human myxedema. Up to an iodine content of 5 per cent, no therapeutic 
effect was noted; also no appreciable “T”’ (thyroxine-like) fraction could 
be demonstrated. The maximum thyroidal activity was found at 11 per 
cent iodine concentration. Excess iodine, however, destroyed the hormonal 
activity. 

If it is true that the albumen fraction of the blood protein contains 
the major portion of the PBI, one might expect patients with lowered 
serum albumen to show lowered values for the PBI. Peters and Man have 
shown that the PBI in patients with profound hypoalbumenemia is often 
reduced as low as in patients with myxedema, although there are no 
clinical evidences of thyroid deficiency. Administration of active thyroid 
substances in dosages adequate for the treatment of myxedema does not 
raise the PBI in these individuals. On the other hand, injections of enough 
salt-poor human albumen to raise the serum albumen considerably docs 
not consistently raise, and more often decreases, the PBI (97). The<e 
findings need further analysis. 


Distribution of the PBI between erythrocytes and serum 


Since both whole blood and serum have been used in the determination 
of the PBI it should prove of value to know the relative amounts of ci’- 
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culating blood iodine in serum and in red blood cells. Reports on this sub- 
ject are not in agreement. 

McClendon and Foster found that the PBI concentration in erythrocytes 
is almost as high (6.26 gamma per cent) as in serum (6.36 gamma per 
cent) (86). Glimm and Isenbruch report values of 8 to 12 gamma per cent 
total iodine in serum and 4 to 6 gamma per cent in red blood cells (35). 
Jansen and Robert found 70 to 90 per cent in plasma (114). Salter simply 
concludes that erythrocytes are poorer in iodine than plasma; however, 
he further reports the ratio of plasma to cell PBI as 1.0 in euthyroid sub- 
jects, 0.9 in myxedema and 2.1 in hyperthyroidism (113). 

Silver, on the other hand, states that practically all normal circulating 
iodine is in plasma and the amount present in washed erythrocytes is too 
low to be determined by present methods (69). Riggs, Lavietes and Man 
also believe that in the absence of previous iodine therapy practically no 
iodine can be demonstrated in red blood cells, cerebrospinal fluid, ultra- 
filtrates or dialysates of serum or plasma (77). Klassen and his associates, 
likewise, found practically no iodine in erythrocytes, providing there had 
been no previous iodine therapy (115). Trevorrow contends that the total 
iodine is distributed in proportion to the water content of the plasma 
and cells (84). 

We conclude that clinical blood iodine determinations should be made 
only on serum or plasma, at least until it has been shown conclusively that 
the iodine content of erythrocytes reflects precisely that of plasma, or 
until some other consistent relationship is established. 


THE EFFECT OF EXOGENOUS IODINE ON BLOOD IODINE VALUES 


Iodine is selectively absorbed by the active thyroid gland (147). Radio- 
iodine studies have shown that ingested iodine is quickly brought to the 
gland as iodide, and rapidly converted by the thyroid cells (148). Within 
a few hours these new organic iodine compounds, just manufactured by 
the thyroid cells, may return to the circulation. It is likely (108, 109) that 
breakdown of the colloid storage form, thyroglobulin, is under the in- 
fluence of a proteolytic enzyme system, and moreover that this sytem is 
itself affected by the concentration of iodine (107). 

It is reasonable to suspect, therefore, that the level of the circulating 
inorganic as well as organic iodine would be influenced by iodine absorbed 
from the daily food intake, by iodine medication (e.g., Lugol’s solution, 
iodides, tincture of iodine on the skin) and by certain diagnostic pro- 
cedures (e.g., cholecystography, bronchography, pyelography). Such 
actually occurs. Indeed, if there is any disadvantage in the uses of the blood 
iodine as a diagnostic aid, it is the misinterpretation apt to be placed on 
values in patients under the influence of exogenous iodine unbeknown to 
the physician. 
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The principal factor which determines the iodine content of the thyroid 
gland is the iodine absorbed from daily food intake; this overshadows other 
factors such as species, age, and sex (149). Diet is also reflected in the 
level of circulating iodine. Although human blood normally maintains 
a fairly constant iodine level (134, 149) average values depend upon the 
amount of iodine ingested and are therefore influenced by geography. 
Despite the fact that regional differences in iodine consumption have 
become less pronounced as interstate transportation of fresh and frozen 
foods, drinks and fertilizers has increased, geographic differences in blood 
iodine values persist. Thus, the normal values should be determined for 
separate areas before pathologic blood iodines can be significantly inter- 
preted for any given locality. 

There is another factor, or more likely, there are other factors in food 
which may influence the physiology of the thyroid gland and thus, the 
level of the blood iodine, namely the ‘‘goitrogenic”’ effect of certain foods. 
This subject has recently been reviewed (150). Although this factor has 
received insufficient study to permit definite conclusions it appears that 
it may have an effect. Consequently its significance should not be over- 
looked. 

The inorganic (soluble or non-precipitable) iodine may be elevated for 
obvious or hidden reasons. If, for example, a patient is being medicated 
with potassium iodide, a rise in the inorganic fraction, or perhaps in the 
total circulating iodine, can be anticipated. This may be overlooked by 
the physician, or the patient may be receiving iodine therapy without 
his knowledge. It is the unsuspected sources of exogenous iodine that may 
prove disturbing. Thus, dietary iodine (sea food, iodized salt) may lead 
to confusion (120). Even such obscure sources as the inhalation of iodine 
vapors (88), or iodine cutaneously (88, 120) must be considered. Many 
investigators (55, 88, 100, 120, 151, 152) have pointed out that a ‘‘spurious”’ 
elevation of the inorganic iodine may follow the use of any of the iodine- 
containing dyes used in roentgenography. Cholecystography, pyelography, 
bronchography, intrathecal lipiodol, and injection of sinus tracts have 
been most commonly mentioned. Dietary deficiency, on the other hand, 
usually results in a decrease in the blood iodine (128). 

Greene and Bruger state that maximum blood iodine levels are reached 
within twenty-four hours after cholecystography. In patients with ob- 
structive jaundice, the levels remained at 470, 1167, and 488 gamma per 
cent twenty, twenty and thirty days, respectively, after gallbladder dyes 
were given (152). Riggs points out that the resultant level may be “‘spuri- 
ously” elevated as long as one year after cholecystography. He adds that 
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iodine-containing compounds are apt to be less confusing in pyelography 
because of rapid excretion in the urine (100). 

We have recently studied a patient five years subsequent to a myelo- 
gram. Lipiodol is still present upon x-ray examination. We can interpret 
her present high blood iodine values only on this basis. 

Alpert utilized the effect manifested by iodine-containing radio-opaque 
dyes on the blood and urinary iodine in developing a measurement of ef- 
fective renal flow. Following the administration of Diodrast he reported 
iodine levels from 100 to 1,000 times normal (55). 

Even the administration of barium preparations for upper gastro-intes- 
tinal studies or barium enemata may affect the iodine level. We have com- 
monly observed a rise in the blood iodine following such procedures and 
upon analysis have discovered significant amounts of iodine in the barium 
preparations (145). 

The source of iodine may be even more obscure. Curtis and James, in 
an unpublished study, indicated significant postoperative rises in the 
urinary iodine following surgery on extrathyroid organs (153). We were 
unable to duplicate these results more recently, and upon investigation 
discovered that catgut had been used in these earlier operations, whereas 
silk sutures are now employed. The catgut, moreover, was found preserved 
in solutions containing iodine in significant concentration. This appears to 
be the most likely explanation for the earlier contradictory results. 

Potassium iodide is so rapidly absorbed from the upper alimentary 
canal that, if given in a dose of 2 grams or more, the blood iodine rises to 
a peak within thirty minutes (90). Danowski reports 4 patients maintained 
on massive doses of potassium iodide (up to 3 grams daily for from four to 
eighteen weeks) with resultant total serum iodine values ranging from 
2,100 to 18,100 gamma per cent and PBI values as high as 31.7 gamma 
per cent. There was neither iodism nor evidence of hypermetabolism (154). 
With smaller doses (e.g., 500 mg.) the peak is not reached for ninety min- 
utes (19). The bulk of iodine administered in this form appears and then 
disappears rapidly, the largest part being eliminated through the kidney 
and a smaller amount through the bile and intestinal secretions (90). Two 
to four days may suffice for the elimination of small doses of inorganic 
iodine after administration; after large doses, more than four but less than 
ten days are required (151). Some investigators, however, find that small 
amounts may stay in the blood for a long time because of continued reab- 
sorption from the kidney tubules (155). 

McCullagh states that in all cases in which a high blood iodine is in- 
consistent with the clinical findings, exogenous iodine should be suspected 
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(156). We emphasize from long experience that iodine in any form thus far 
studied is metabolized by the human organism and a resultant spurious 
elevation of the inorganic fraction may occur. For this reason we have 
come to utilize the soluble fraction of the circulating iodine only as an 
indicator of exogenous iodine intake. 

The effect of exogenous iodine upon the protein-bound iodine is in- 
teresting, at times confusing, and incompletely understood. Treatment of 
hyperthyroidism with iodine tends to lower the level of protein-bound 
iodine coincident with clinical improvement (19, 75, 76, 78, 90, 157). On 
the other hand spurious elevations are reported (75, 78, 91, 94, 158, 159). 
Salter concludes that the level of plasma protein-bound iodine » *der the 
effect of lugolization is a reciprocal function of net thyroid activity; in 
Graves’ disease the protein-bound iodine falls to normal or near normal, 
in recurrent postoperative hyperthyroidism it is slightly higher, in normal 
subjects and in toxic nodular goiter it rises further and in myxedema it 
reaches, as a rule, maximum height (90, 113). 

The ‘“‘spurious”’ elevation noted by Salter was thought to be a “chemical 
artefact,’”’ although he reproduced the phenomenon in vitro (75, 88, 111). 
He regards it as due to an iodination of protein (75). Many investigators 
have studied the iodoproteins. Thyroxine has even been isolated from iodi- 
nated casein (160). In order to determine the relationship of protein iodina- 
tion to the protein-bound blood iodine, Swenson and Curtis (78) added 
varying amounts of potassium iodide to human whole blood in vitro and 
then carried out fractionation at varying intervals of time. Little iodination 
occurred until the total iodine concentration reached 100 micrograms per 
cent. A striking increase in the protein-bound iodine was seen on the fifth 
day, lending support to the premise (161) that certain enzymes play a role 
in such iodinations. This iodination effect may explain the absence of 
myxedema and the failure of the protein-bound iodine to fall to extremely 
low levels in some patients following total thyroidectomy. There is some 
evidence, moreover, that the thyroid is not the only organ capable of 
producing thyroxine but that the hormone may actually be produced in 
certain extrathyroid tissues (162, 163). 

In a recent communication Salter and his coworkers studied the mutual 
interconversion of iodide and organic iodine in man and in the rat, using 
both stable and radioactive compounds (164). A prompt and progressive 
liberation of iodide was found to complicate the metabolic history of the 
organic compounds studied. This resulted in ‘‘spurious” increases in serum 
PBI since the reported values were not truly “hormonal,’’ 7.e., of thyroid 
origin. Among the types of “‘spurious”’ increases possible, Salter mentions 
the. following: 1) mechanical occlusion of iodide or of an organic iodine 
compound in the protein coagulum; 2) adsorption of iodide ions on the 
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protein; 3) salt formation of protein with the basic or acidic groups of an 
organic compound containing iodine; 4) incorporation of exogenous 
iodine into the serum protein by oxidase action in vitro in shed blood, or 
in vivo; 5) contamination of the serum in the course of sampling or analysis; 
6) the result of administration of iodine by various routes. In most cases, 
these “‘spurious”’ high values can be circumvented by suitable precautions 
(164). 

How may we explain the fall in protein-bound iodine commonly seen 
alter sufficient iodine therapy? Taurog and Chaikoff (91), as well as Wolff 
aud Chaikoff (94), have shown that the level of the protein-bound iodine 
is dependent upon the thyroxine content of the gland and is limited by the 
cipacity of the gland to produce thyroxine. They suggest, moreover, that 
the level of plasma iodine is but a part of a homeostatic mechanism govern- 
ing synthesis of the thyroid hormone. A more precise explanation has de- 
veloped out of the experimental evidence of De Robertis and Nowinski, 
who have shown the presence in the colloid of a proteolytic enzyme which 
is inhibited by iodine, the latter thus acting as a check to the release of 
active hormone from its storage form in the colloid (107, 108). 

Curtis and Swenson (78, 158) have demonstrated a striking difference 
in the average response of the protein-bound blood iodine to the con- 
tinued iodine therapy of primary hyperthyroidism as compared to that 
of toxic nodular goiter. In the former the response is in accordance with 
the present accepted concepts of the mechanisms of the iodine-induced 
remission in hyperthyroidism, iodine inactivating the thyroid-stimulating 
hormone (TSH) (165) as well as the proteolytic enzyme systems (107, 108). 
The average response in toxic nodular goiter, however, mirrors the level 
of inorganic blood iodine and is similar to the in vitro addition of potassium 
iodide to the blood. These variances are difficult to explain. 

Elmer was sufficiently impressed by the variable effect of Lugol’s solu- 
tion on the blood iodine in normal and in hypothyroid individuals to de- 
vise an ‘‘iodine tolerance’’ test (166). The blood iodine level was deter- 
mined at specific intervals following the administration of a known amount 
of potassium iodide (1,300 gamma). Subsequently, a higher concentration 
of iodine appeared in the blood of hypothyroid patients than in that of 
normal individuals. Perkin, Lahey and Cattell described a similar tolerance 
test. They reported a hypothetical line above which the blood iodine levels 
rise in normal persons and in those with nontoxic goiter, but below which 
the levels remain in the hyperthyroid patient (119). In a later communica- 
tion, however, they state that this test is of more scientific interest than 
practical value (27). 

It is apparent that a multiplicity of factors is involved in iodine metab- 
olism and that great care must be taken in both the recognition and 
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interpretation of the effect manifested by exogenous iodine on blood iodiie 
values. 
THE RELATION OF THE BASAL METABOLIC RATE 
TO THE BLOOD IODINE 


Despite the many advances which have been made in our understandii.g 
of the essential nature of thyroid disease, the differential diagnosis often 
remains difficult. Much of the confusion has arisen because so few ob- 
jective methods have been developed for measuring thyroid function. 
“The BMR is a measurement of oxygen consumption, the end result of a 
great many oxidative processes, and not necessarily of that alone asso- 
ciated with the transport, utilization and breakdown of the thyroid hor- 
mone” (158). Basal metabolic rates may be affected by other factors, 
even though thyroid function is essentially normal. Especially may these 
determinations be influenced by such diverse nonthyroid hypermetabolic 
states as essential hypertension, cardiac failure, carcinoma, leukemia and 
other blood dyscrasias, osteitis deformans, certain infectious diseases and 
psychic disturbances; or by hypometabolic states such as Addison’s 
disease, Simmonds’ disease or other pituitary dysfunction, and anorexia 
nervosa (167, 168). Although these conditions superficially appear to be 
totally unrelated, it is apparent that each may result in increased or de- 
creased oxygen consumption and thus in an elevated or lowered BMR. 
Clinical judgment may aid considerably in establishing a diagnosis, but 
often, especially in the presence of an enlarged thyroid gland, differentia- 
tion may prove difficult or even impossible. Most authorities point out 
that the basal metabolic rate of itself is not a sufficient criterion of hyper- 
thyroidism (169) and this has become the view in this clinic. 

Chesky reports a series of 700 patients with clinical evidence of toxic 
goiter, in 242 of whom the BMR was normal (170). Rose has emphasized 
that hyperthyroidism may be associated with basal metabolic rates con- 
sistently within normal limits (171). Bartels has commented on 2 patients 
with severe hyperthyroidism and normal basal rates in whom the BMR 
fell to minus 20 and minus 30 per cent after thyroidectomy. Neither of 
these patients had myxedema and he consequently suggests that these 
rates were low normal. We do not ordinarily see such low rates without 
clinical evidence of hypothyroidism. Curtis and Fertman have shown 
that in patients with nonthyroid disease presenting an elevation of the 
blood iodine, an increase in the BMR was not always apparent (167). 

In an effort to achieve a more direct measurement of thyroid function 
many investigators have attempted to correlate the amount of iodine in 
the blood with the BMR of patients with thyroid disease. In certain «f 
the studies total blood iodines were determined. Turner and his associat« s 
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could find no correlation between the total blood iodine and the basal 
metabolic rate in 20 patients with hyperthyroidism, in 5 with nontoxic 
nodular goiter and in 2 with thyroiditis, as well as in patients with hyper- 
‘ensive cardiovascular disease or leukemia (172, 173). Curtis and Fertman 
concluded that ‘‘the basal metabolic rate alone more frequently indicates 
the presence of thyroid disease than does the unfractionated whole blood 
iodine”’ (174). Perkin and Cattell preferred the total blood iodine to the 
3MR in establishing a diagnosis of thyrotoxicosis in patients with ade- 
nomatous goiter and questionable hyperthyroidism (175). 

Much of the recent investigation in this field has dealt with the protein- 
ound fraction of the blood iodine. Better correlation should be expected 
between the PBI and the BMR than between the unfractionated blood - 
iodine and the BMR since a part, at least, of the blood iodine appears to 
represent the circulating thyroid hormone. Salter and his associates state 
that in about one third of the patients in a large clinic in which the thyroid 
status is under investigation, the BMR is not compatible with the best 
clinical diagnosis, whereas the PBI usually confirms the clinical diagnosis. 
He concludes that there is better correlation between the clinical estima- 
tion of thyroid activity and the PBI than between it and the BMR and 
that when discrepancy exists between PBI and BMR it is because the 
latter often does not reflect the true status of thyroid activity (87). 

Curtis and Swenson (176) found that when the symptomatology pre- 
sented is suggestive of hyperthyroidism and the PBI is elevated, it is prob- 
able that hyperthyroidism is present in some degree even though the basal 
metabolic rate is within normal limits. In 34.5 per cent of their patients 
with nodular goiter who exhibited symptoms suggestive of hyperthyroid- 
ism, this was unmasked by determination of the PBI. Although 70.6 per 
cent of these patients with symptoms were found to have protein-bound 
blood iodine concentrations above normal, only 47 per cent were found 
to have basal metabolic rates above the normal average (177). They con- 
clude that the PBI is a better index of thyroid function than is the BMR 
alone. 

Riggs believes that in some cases the blood iodine is a more reliable 
index of thyroid activity than is the BMR since the latter may be erratic 
in serial determination (100). McClendon and Foster state that the ‘‘thy- 
roxine”’ iodine in blood is a check on the reliability of the BMR and should 
be substituted in case the BMR cannnot be determined (151). 

Further suggestion of an association between the BMR and PBI is seen 
in the similar response of these factors to thyroid therapy. For example, 
in the treatment of myxedema with thyroxine the basal metabolic rate 
and the protein-bound blood iodine rise, whereas in hyperthyroidism 
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treated with inorganic iodine, the level of the organic blood iodine usually 
declines with the basal metabolic rate (178). Moreover, Curtis and Swen- 
son have shown that the PBI increases along with the BMR following 
the administration of thyroid-stimulating hormone to man, and, con- 
versely, decreases along with the BMR when thyroid function is blocked 
by administration of the goitrogenic drugs (158). 

Means states that both the BMR and the blood iodine tell something 
of thyroid function, but that each tells different things. The BMR, he 
maintains, is an index of the total effect of thyroid hormone on end organs 
and its level depends both on the amount of hormone and upon the sensi- 
tivity of the end organs. The PBI, on the other hand, represents the level 
of hormone in the blood which is dependent upon the rate of delivery of 
the hormone to and its removal from the blood (101). 

Many investigators have attempted mathematically to correlate the 
basal metabolic rate and the fractionated blood iodine. Biilman noted 
that the graphic relationship between the PBI in Graves’ disease and the 
basal metabolic rate resembled a logarithmic curve. Empirically she found 
the best equation describing the relationship to be: per cent BMR —29 
=log (micrograms per cent iodine) (82). 

Salter (113) was able to demonstrate significant correlation between 
the blood iodine and the basal metabolic rate (on data for which Elmer 
and Scheps (179) cound find no parallelism) by using a logarithmic re- 
lationship; BMR=log (blood iodine—3), in which 3 is an arbitrary con- 
stant roughly representing the amount of inorganic iodine in the blood. 
Salter states that it can be inferred that the blood iodine and the basal 
metabolic rate are related if the clinical classification is adequate, the 
analytic technique good, the exogenous iodine intake low, and a steady 
physiologic state is attained before the blood is drawn for analysis (113). 

McClendon and Foster found a significant linear correlation between 
the BMR and “thyroxine” iodine and obtained a coefficient of +0.627 
(180). In another approach McClendon and Rice found an increase of 
0.01 gamma of “‘hormonal”’ iodine in 5 cc. of blood to raise the BMR one 
calorie per square meter per hour (102). 

Curtis and Fertman found significant positive correlation coefficients 
indicating a probable association between the BMR and the whole blood 
iodine in nontoxic nodular, toxic nodular, and in exophthalmic goiter. 
There was no significant deviation from linearity in any of these relation- 
ships (174). 

Lowenstein and his associates have established a relationship between 
heat production and the protein-bound blood iodine which they expres=: 
Basic heat production = 52.3 log (PBI) —0.8 calories per square meter pcr 
hour. They found this relationship to be valid both before and after 
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treatment with thiouracil. However, since the basal heat production fell 
more slowly that the PBI, this relationship did not hold for the first two 
weeks following initiation of treatment (181). In another report on 32 pa- 
tients they found the PBI directly correlated with heat production regard- 
less of age, sex, thyroid disease, lugolization or thyroidectomy (99). 

Other investigators have been unable:to demonstrate correlation be- 
tween basal metabolic rate and protein-bound blood iodine. Silver and 
‘Tyson, for example, in a study of the blood iodine during the period after 
thyroidectomy, found no correlation between the initial preoperative 
plasma protein-bound iodine level and the BMR (76). Dodds and his as- 
sociates state that in the main a high BMR is associated with a high PBI, 
hut that no quantitative relationship exists between the two (182). 
Perkin and Hurxthal likewise found no correlation between the BMR 
and PBI (157). 

Bartels has recently reported basal metabolic rate determinations 
under pentothal anesthesia in an effort to eliminate nonthyroid hyper- 
metabolic influences (183). On the basis of his work we are now similarly 
investigating the BMR under the effects of intravenous nembutal and 
expect to determine the relationship between such basal rates and the 
PBI. 

Another interesting observation has been brought to light in a com- 
parative study of the PBI and the BMR. The latter appears to respond 
more slowly to alterations in thyroid status than does the serum iodine 
(184). Lowenstein and his associates gave thiouracil to 18 patients with 
hyperthyroidism and caused a reduction of the PBI, beginning in from 
four to seven days, which reached normal within two weeks. Basal heat 
production fell more slowly, seldom beginning to decline in less than one 
week, however, likewise approximating normal after two weeks (181). 
Riggs also states that a sudden alteration in the level of thyroid activity, 
such as following subtotal thyroidectomy or in response to thiouracil 
therapy, is more rapidly reflected in the serum iodine level than in the 
metabolic rate (100). 

It is apparent that following thyroidectomy, or after beginning thiouracil 
therapy, more precise control of the patient, more exact appraisal of his re- 
sponse at any given time, and more accurate judgment as to his prognosis 
can be inferred from the protein-bound blood iodine than from the basal 
metabolic rate. 


THE BLOOD IODINE IN DISEASES OF THE THYROID GLAND 


Since the blood iodine, and more specifically its protein-bound fraction, 
appears an index of the circulating thyroid hormone, its level should be 
regulated by the secretory activity of the thyroid gland. It follows that 
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one would anticipate an elevation of the PBI in hyperthyroidism and 
conversely, a decrease of this fraction in patients with uncomplicate: 
hypothyroidism. In general, these are the usual findings. 

The relative values determined for the blood iodine in various thyroi« 
disorders form the principal basis for its clinical significance, as well a- 
its importance in experimental studies. The mass of accumulated evidence 
presenting its variations in thyroid disease should be examined critically 
therefore, in order to establish the present position of this valuable labora- 
tory test as well as to determine its clinical usefulness. 


Hyperthyroidism 


In hyperthyroidism it is generally agreed that there is usually an in- 
crease in blood iodine concentration. This is especially true of the protein- 
bound fraction (13, 19, 27, 72, 76, 78, 82, 85, 86, 87, 111, 113, 119, 120, 
127, 133, 144, 151, 157, 158, 173, 181, 182 and 185-192). 

Curtis and Fertman found the average blood iodine level significantly 
elevated in all forms of hyperthyroidism (186). McCullagh reported a 
definite increase of the blood iodine in all of 20 hyperthyroid patients, al- 
though the level observed did not appear to parallel the severity of the 
presenting symptoms (13). Riggs and his associates observed an increased 
blood iodine in hyperthyroidism. This ranged from two to six times the 
high normal level, with no instance of normal values (185). Schittenhelm 
reported consistent elevation of the blood iodine in patients with ex- 
ophthalmic goiter (192). 

Salter and Bassett found that the PBI increases with the degree of 
thyroid activity while the inorganic iodine remains relatively constant 
(111). Man and her associates reported 15 hyperthyroid patients, in all of 
whom the PBI was elevated from 9.4 to 33.7 gamma per cent (normal 
range, 4 to 8) (85). 

Perkin and his associates (27, 119, 120, 144, 157, 189, 190) reported 
the total blood iodine elevated when hyperthyroid symptoms had been 
present for less than nine months. On the other hand, in patients with 
untreated symptoms for one year or more, they found the total blood 
iodine generally normal. This they explained on the basis of a continued 
negative iodine balance with subsequent depletion of the ‘iodine reserves” 
as had been shown by Puppel and Curtis to occur in patients with hyper- 
thyroidism (193). Approximately 30 per cent of their patients had normal 
total blood iodines. Turner likewise reported normal total blood iodine 
values in 34 per cent of his hyperthyroid patients (173). It should be em- 
phasized, however, that these reports deal with the total blood iodine. 

Contrary to these observations are those of Curtis and Fertman who 
were unable to find any significant correlation between blood iodine level 
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and duration of symptoms in hyperthyroidism. On the other hand, by 
comparing the blood iodine with the combined variables of basal metabolic 
rate and duration of toxic symptoms, they concluded that, if anything, 
the blood iodine increased rather than decreased along with an increase 
in some combination of the other two factors (186). Riggs and his asso- 
ciates could find no relationship between the level of blood iodine and dura- 
ton of symptoms in hyperthyroidism (188). Silver and Tyson reported 
thie blood iodine invariably increased in untreated Graves’ disease of 
either recent or old origin (76). Man and her associates, moreover, found 
the PBI elevated in hyperthyroidism of as long as three years’ duration 
(35). 

Following lugolization in hyperthyroidism the PBI usually falls. This 
has been previously discussed. Similarly, subsequent to the treatment of 
hyperthyroidism with thiouracil or its allies, the PBI usually falls to low 
normal or even subnormal levels within a few weeks (78, 158, 191). The 
PBI decreases to normal or to levels just above normal within two weeks 
after thyroidectomy (85). After the first stage of a two-stage lobectomy, 
or after an inadequate thyroidectomy, however, the total blood iodine 
remains elevated (133). 

Curtis and Fertman (186), in a study of a significant number of whole- 
blood iodines, found but little difference in average blood iodine concen- 
trations in any two groups of toxic goiter, including the diffuse hyper- 
plastic variety. Whole-blood iodine values rose as high in some instances 
of toxic nodular goiter as in those with diffuse hyperplastic goiter. On the 
other hand, in later studies with the blood iodine fractionated, Curtis and 
Swenson (78, 158) showed that the average PBI levels for various BMR 
groups of those with diffuse hyperplastic goiter with hyperthyroidism were 
higher than for the similar groups having nodular goiter with hyperthy- 
roidism. They presume that this indicates a more severe form of hyper- 
thyroidism in the former group, especially since a higher incidence of 
symptoms paralleled the higher PBI in those patients with the primary 
hyperthyroidism. 


Hypothyroidism 


It has been pointed out by Salter that the etiology of hypothyroidism 
may be primarily related to the thyroid or the gland may become second- 
arily inactive due to such causes as iodine-lack, tyrosine deficiency or 
pituitary dysfunction (diminished TSH production). In both groups the 
concentration of circulating hormone, determined as the PBI, falls (113). 

The whole blood iodine in hypothyroidism as well as in cretinism, is not 
consistent. In cretins it has been variously reported as 36 per cent (194) 
and 50 to 70 per cent (195) normal. In hypothyroidism McCullagh found 
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the average 25 per cent below normal (156); K. B. Turner and his associ- 
ates observed low and low-normal levels (172); others have reported con- 
sistently low levels (103, 133, 188). On the other hand, R. G. Turner ob- 
served no decrease of the total blood iodine in hypothyroidism (173). 
Curtis and Fertman in a series of 66 patients likewise found values which 
did not differ significantly from the normal (186). The latter investigators 
thought it likely that some of these patients had had supplemental iodine. 
Another possible contributory factor to their normal findings might be the 
somewhat lowered blood iodine of normal persons in that goitrogenic area 
(central Ohio). 

The incongruous picture of a reduced basal metabolic rate coexisting 
with normal blood iodine values in hypothyroidism has been clarified and 
practically eliminated by fractionation of the blood iodine. This followed, 
since that portion of the blood iodine containing the iodine of nutrition, 
as well as of broken down thyroid hormone, was thus separated from the 
fraction containing the circulating hormone. 

The “‘organic”’ blood iodine is consistently low in patients with hypo- 
thyroidism. Perkin and Hurxthal reported the PBI in myxedema as 2.5 
micrograms per cent as compared to a normal of 5.3. The “inorganic” 
iodine, however, showed a relative increase, suggesting inability of the 
thyroid gland in this disease to synthesize iodine into an organic form 
(157). Talbot and his associates similarly reported 4 juvenile hypothyroid 
patients in whom the PBI ranged from 1.8 to 3.0 (average, 2.3) as com- 
pared to normal of 6.0 to 8.4 (average, 7.0), whereas in adult patients 
with myxedema the average PBI was 3.8 micrograms per cent (72). 

Salter and his co-workers reported on 20 patients with myxedema, all of 
whom had abnormally low PBI levels (87). One had a total blood iodine 
of 7.1 micrograms per cent (normal 6.3); however, the PBI was only 2.2 
micrograms per cent (normal 4.8), the remainder of the iodine being in the 
inorganic fraction. 

Davison, Zollinger and Curtis also reported the PBI consistently low 
in hypothyroidism and found that the PBI in this metabolic anomaly does 
not show any extensive overlapping into the range of normal as does the 
total blood iodine (103). 

Winkler, Riggs and Man (184) found the PBI characteristically sub- 
normal in untreated hypothyroidism. In many hypothyroid patients, 
however, it was significantly greater than zero, which to them indicated 
the presence of some functioning thyroid tissue. It is likely that following 
total thyroidectomy this is due either to the phenomenon of protein iodins- 
tion or to some form of extrathyroid organic iodine formation. 

Perlmutter and Riggs have recently shown that the accumulation grad'- 
ent for radioactive iodine is low in hypothyroidism (also in hypopitui- 
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tarism) and is associated with a decreased PBI. This appears to indicate 
a significant inability of the thyroid gland in such diseases to concentrate 
and utilize iodine (98). 

After the administration of small doses of iodine to patients with 
myxedema, Elmer found that a greater amount of iodine appeared in the 
blood stream and remained for a longer time than in normal individuals 
(112). He attributed this to the inability of the hypofunctioning gland to 
remove the administered iodine from the blood. On the other hand, de 
Quervain and Smith (195) reported the blood iodine of cretins practically 
unchanged by the administration of potassium iodide, whereas that of the 
normal individual was somewhat increased. This they regarded as due to 
an increased rate of “excretion” of iodine from the thyroid gland of the 
cretin. Salter considers the differences in these observations due to such 
variables as dosage and time, but states that on the whole, Elmer’s results 
are consistent and more compatible with the known facts of thyroid phys- 
iology (113). 

Desiccated thyroid, given in amounts sufficient to relieve the symptoms 
of hypothyroidism, has been shown by Winkler, Riggs and Man to cause 
the diminished PBI to return to normal (184). On the average, an increase 
in the daily dosage of one grain causes an increase in the PBI, according 
to these investigators, of 2.0 micrograms per cent. They regard the average 
daily production of hormone by the normally functioning gland roughly 
equivalent to that contained in three grains of U.S.P. desiccated thyroid. 
With this we quite agree. Moreover, they conclude that not only is the 
PBI a valuable aid in the diagnosis of hypothyroidism, but that it is also 
a useful criterion of the adequacy of treatment with active thyroid sub- 
stance. Man and her associates agree that the best clinical response is seen 
when thyroid dosage is regulated so that the PBI remains within the nor- 
mal range (124). They also find that the PBI is more reliable than the 
serum cholesterol in the diagnosis of the severe hypothyroidism of cre- 
tinism. 


Carcinoma of the thyroid 


Values for the blood iodine in carcinoma of the thyroid may be elevated 
depressed, or quite normal. Curtis reported 3 patients with carcinoma of 
the thyroid, 2 of whom had both increased blood iodines and basal meta- 
bolic rates, while the third had only an elevated BMR (196). In 3 patients 
reported by Turner and his associates (172), the level of the blood iodine 
was normal. McCullagh likewise reported normal blood iodine values in 
2 patients with metastatic thyroid malignancy (156). 

Curtis and Fertman found the average blood iodine normal in 9 patients 
with thyroid carcinoma in whom the average BMR was significantly in- 
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creased (186). There was no significant correlation between the blooc 
iodine level and the duration of symptoms due either to carcinoma or the 
associated nodular goiter. Indeed, normal values were recorded fo: 
patients who had had the predisposing goiter as long as thirty years; ye 
the highest value was found in a patient whose goiter had been present fo: 
“many” years. 

The level of the blood iodine in carcinoma of the thyroid may be more 
dependent upon the nature of the gland in which the malignancy arises, 
than on the malignant growth itself. On the other hand, the degree to 
which the malignant cells are differentiated appears to contribute to their 
functional potential and may thus affect the amount of circulating hor- 
mone. Thus, in a gland which has been largely replaced by poorly dif- 
ferentiated carcinoma cells, the level of ‘‘hormonal’’ iodine might be low; 
whereas if these cells approach normal in their degree of differentiation 
and are responsive to TSH, the PBI might be significantly elevated. This 
feature warrants further investigation, owing to the possible significance 
of TSH in the development of thyroid malignancy. 

More data may reveal a correlation between the blood iodine and the 
degree of malignancy, possibly even dependent on the time factor. At 
present, however, determination of the blood iodine is of no clinical aid 
in the diagnosis of thyroid carcinoma. 


Thyrovditis 


Little has appeared in the literature concerning the blood iodine in 
thyroiditis. Curtis and Fertman (186) found no significant elevation of 
the average blood iodine in 3 patients with chronic thyroiditis. On the 
other hand, Turner et al. reported elevated blood iodine values in 2 pa- 
_ tients with thyroiditis (172). Riggs and his co-workers, likewise, found a 

high level of blood iodine in 1 patient with thyroiditis in whom there were 
no symptoms or physical findings of hyperthyroidism (188). 


THE BLOOD IODINE IN NONTHYROID DISEASE 


Three reasons come to mind for examining the blood iodine values of 
patients with nonthyroid diseases: 

1. To determine whether or not blood iodine values ordinarily deviate from 
normal in diseases unrelated to the thyroid gland. It is apparent if the blood 
iodine is altered by pathologic conditions remote from the thyroid that it 
will lose a part of its clinical significance. 

2. To determine whether or not deviations of blood iodine values in certain 
nonthyroid disorders, if they occur, might implicate the thyroid gland either 
directly or indirectly. The significance as concerns etiology and therapy be- 
comes at once obvious. 
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3. To determine whether or not in those nonthyroid diseases which may 
simulate thyroid disorders and in which the BMR may be affected, the blood 
iodine is similarly affected. It follows that in this instance the blood iodine 
may prove a valuable aid in differential. diagnosis. Noehren (197), for 
example, reported in 1940 that of the last 1,000 cases referred with a 
diagnosis of hyperthyroidism, 18.5 per cent revealed no involvement of 
the thyroid gland. One hundred and forty-nine of these 185 were grouped 
under four diagnoses: neurosis, inorganic heart disease, neurocirculatory 
asthenia and hypertension. In a discussion of the differential diagnosis, 
he dismisses the quantitative blood iodine as of no practical value because 
it is too difficult and delicate. We are in accord with Noehren in recognizing 
the difficulty in diagnosis; however, we affirm that recent techniques have 
made blood iodine determinations neither ‘difficult’? nor “delicate.” 
Moreover, we are convinced that it is a valuable adjunct in differentiating 
thyroid disorders from those conditions which may simulate them. 

Curtis and Fertman have reported that nonthyroid diseases in general 
seldom cause an increase or decrease of the total blood iodine. They found, 
moreover, that in representative patients with one hundred and fifteen 
different nonthyroid diseases, deviations from the normal were, with one 
exception, increases and were not necessarily accompanied by an increase 
or decrease of the basal metabolic rate (167). 


Neuroses and psychoses 


Many of the neuroses, especially so-called ‘‘neurocirculatory asthenia,” 
anxiety states, ‘‘nervous exhaustion,” and hypochondriasis, may result in 
symptoms quite similar to those of hyperthyroidism. In addition, the 
basal metabolic rate, because of apprehension, may, in those conditions, 
be significantly elevated even in the absence of thyroid disease. In this 
clinic it is not unusual to see neurotic patients referred for thyroidectomy, 
or even psychoneurotics who have been subjected to thyroidectomy else- 
where on the basis of symptoms simulating those of hyperthyroidism and 
supported by several elevated basal metabolic rates. Needless to say re- 
moval of the thyroid gland does not relieve symptoms in these patients 
and may only increase their intensity. 

Fortunately, determination of the blood iodine is of value in differenti- 
ating the neuroses from hyperthyroidism. Curtis and Fertman noted no 
significant variations of the blood iodine in 58 patients with psychoneuro- 
sis, neurasthenia or ‘functional’ disorders (167). K. B. Turner found no 
elevation of the blood iodine in 6 neurotic females (172). E. P. and D. R. 
McCullagh reported the blood iodine of differential value in neurocircu- 
latory asthenia (156), and in another report D. R. McCullagh was able 
to differentiate hyperthyroidism from ‘‘nervous exhaustion” by determina- 
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tion of the blood iodine (13). Swenson and Curtis reported the blood iodine 
of value in the differentiation of anxiety neurosis and neurocirculatory 
asthenia from incipient hyperthyroidism (198). 

Veil and Sturm reported a low blood iodine in patients with vagotoniai: 
(19), as did Curtis and Fertman (167). Perkin and Lahey maintained thai 
blood iodine levels fall within the lower normal range in persons wit) 
vagotonia, whereas they lie within the range of upper normal in those o/ 
a sympathicotonic type (27). Gutzeit and Parade found that subcutaneous 
injection of epinephrine has no effect on the blood iodine of hyperthyroid 
patients but will cause a rise in the PBI of normal persons (118). 

In this clinic we find the PBI of considerable aid in differentiating the 
neuroses from hyperthyroidism, whereas the BMR may often be mis- 
leading. 

Crile, among others, has pointed out that major organic psychoses can 
closely simulate hyperthyroidism (199). The BMR has been used in an 
effort to discover any relation between mental disorders and function of 
the thyroid gland (200, 201). However, in apprehensive or hyperkinetic 
patients it is most difficult to obtain accurate and reliable basal metabolic 
rates. 

Neustadt and Howard have studied the blood iodine in the cyclic psy- 
choses (136). They reported the blood iodine remarkably constant in 
dementia paralytica, paranoia and schizophrenia, despite changes in mood. 
Only in true manic-depressive patients did the blood iodine level deviate 
from normal, being high in-the manic and low in the depressive phase. 
There was a parallelism between the level of the blood iodine and manic- 
depressive changes in mood, but no parallelism between the blood iodine 
and change in motor excitement of these patients. 

On the other hand, Man and Kahn measured the serum iodine concen- 
tration in 43 patients, 26 of whom had a manic-depressive disturbance 
and 17 a depressed but not manic-depressive condition (202). After ex- 
cluding 3 patients in whom a clinical diagnosis of hyperthyroidism had 
been made, 36 of the remaining 40 had blood iodine values within the 
range of normal. They concluded that dysfunction of the thyroid could not 
be considered an essential factor in these conditions. However, they regard 
it conceivable, on the basis of inconclusive evidence, that manic-depressive 
disturbances may occasionally initiate imbalance of the thyroid. 


Cardiovascular and renal diseases 


The need occasionally arises to differentiate the clinical effects of hyper 
tension from hyperthyroidism. Crile, for example, reported 18 patient: 
with essential hypertension in whom the symptoms simulated hyper- 
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thyroidism and in whom the BMR ranged from plus twenty to plus sixty 
per cent (199). 

In a group of 14 patients with hypertension and hypertensive heart 
cisease reported by Curtis and Fertman, the average total blood iodine 
level, as well as the BMR, was significantly elevated (167). These levels 
were determined by the dry ash method. In a subsequent group of 14 
lypertensive patients whose total blood iodine was determined by the 
chromium trioxide oxidation method, the average blood iodine did not 
quite reach the 5 per cent level of significance. In 16 of this total group of 
28 patients, the diagnosis was essential hypertension without cardiac 
disease. Of these, only 5 had elevated blood iodine values and these were 
«ecompanied by basal metabolic rates ranging from plus 5 to plus 19 per 
cent. The blood iodine was normal in 2 patients with malignant hyper- 
tension, despite basal metabolic rates as high as plus 24 to plus 32 per cent. 
Only 1 of 7 patients with hypertensive heart disease, without decompensa- 
tion, had an elevated blood iodine, whereas 2 of 3 with hypertension and 
congestive failure had increased blood iodine values. In 7 patients with non- 
hypertensive heart disease, 5 of whom were rheumatic, there was no ele- 
vation of the blood iodine (167). 

Hyperiodemia has been reported in essential hypertension by several 
investigators (19, 203, 204). Bruger and Moébius state that this is an in- 
dication of increased thyroid activity (204), although we should think 
that the very high values which have been reported (203) suggest iodine 
medication. Veil and Sturm noted that upon digitalization, in the presence 
or absence of cardiac disease, hypertension or hyperthyroidism, a sharp 
drop in the blood iodine may ensue (19). 

K. B. Turner and his associates, on the other hand, have reported 
normal blood iodine values in hypertension even in the face of distinctly 
elevated basal metabolic rates. In nonhypertensive heart disease they 
found a low blood iodine accompanying normal metabolic rates and 
serum cholesterol values (172). E. P. and D. R. McCullagh reported a 
normal blood iodine level in hypertension with the BMR ranging from 
plus 53 to plus 58 per cent (156). D. R. McCullagh was able to differentiate 
the effects of essential hypertension from hyperthyroidism in one patient 
by finding a normal blood iodine (13). 

The PBI appears to be more reliable in differentiating hyperthyroidism 
from hypertension than does the total blood iodine. Davis et al. reported 
that in clinically euthyroid hypertensive persons the PBI is low-normal to 
subnormal. The low values are not interpreted as hypothyroidism masked 
by hypertension, but these investigators postulate that if the thyroid 
hormone acts as a catalyst, increasing the utilization of oxygen by in- 
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dividual tissues, and these tissues are already receiving abundant oxygen 
(through increased circulation), then the thyroid gland may compensate 
by decreasing the supply of thyroid hormone (103). Since the work of 
De Robertis and Nowinski, indicating the breakdown of thyroglobulii 
under the effect of a proteolytic enzyme system, this system being inhibite:| 
by iodine (108), another explanation is now available. One can postulate 
an increased utilization of thyroid hormone subsequent to increase in 
cardiac output’ and velocity flow. This would result in an increased break- 
down of thyroxine and a subsequent increase in the concentration of in- 
organic iodine which would, in turn, inhibit the proteolytic enzyme system 
and diminish the amount of hormone released to the circulation. 

With sufficient disturbance of renal function, a decreased urinary 
elimination of iodine with increased retention of iodine in the blood might 
be expected. An elevated total blood iodine has been reported in renal 
failure (167, 205). On the other hand, in renal disease without renal failure 
the blood iodine, as well as the BMR, may be low (172) or normal (167). 

We have found no reports of the fractionated blood iodine in disturbed 
renal function. These should prove significant. 


Nonthyroid endocrine disturbance 


Because of the interrelationship of the endocrine glands, consistent ele- 
vation or depression of the blood iodine might be expected in nonthyroid 
endocrine disturbances. Such has not proved to be true. 

In diabetes mellitus Veil and Sturm have postulated a direct antagonism 
between the thyroid gland and the pancreas, based on the finding of a 
decrease in the blood iodine following the administration of ,insulin (19). 
Bennett and his coworkers were able to demonstrate morphologic sub- 
normality in the thryoid glands of rats with alloxan diabetes. However, 
these investigators found poor correlation between the degree of morpho- 
logic change in the thyroid gland and the level of the PBI, total thyroid 
iodine and thyroxine iodine. They concluded, nevertheless, that the histo- 
logic changes were the result of diabetes per se rather than due to the 
direct effect of alloxan and were correlated with the severity of the alloxan 
diabetes as judged by blood glucose levels (206). 

Blotner has indicated a relationship between thyroid activity and 
water balance in diabetes insipidus. In 2 of 3 cases total thyroidectomy 
relieved excessive urinary excretion; the third patient was thought to have 
“accessory” thyroid tissue (207). He observed an increased excretion of 
urinary iodine in this disease and a generally low normal blood iodin:, 
both of which were readily altered by the administration of postericr 


5 The hypertension may, however, be due to increased peripheral resistance, in whic 
instance the added work of the heart would likewise increase the utilization of thyroxin: , 
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pituitary extract (208). Curtis and Fertman found a normal blood iodine in 
one patient with diabetes insipidus, although this was complicated by a 
co-existing acromegaly (167). 

Perkin and Lahey have reported an elevated blood iodine in acromegaly 
27). On the other hand, the blood iodine has been reported normal in 2 
patients with acromegaly for as long as eleven and nineteen years (in one 
f whom the acromegaly was accompanied by diabetes insipidus, as noted 
ibove) (167). 

The unfractionated blood iodine was found normal by Curtis and Fert- 
nan in small groups of patients with pituitary dwarfism, hirsutism, hypo- 
pituitarism, Addison’s disease, “‘endocrine imbalance,’’ Mongolism and 
menstrual disturbances. It was likewise normal in single patients with 
other endocrine disorders, including hypoparathyroidism, hyperpitui- 
tarism, varying forms of hypogonadism and hyperinsulinism. The only 2 
exceptions noted were increases, one in a patient with “polyglandular dys- 
function” and the other in 2 patients with Froelich’s syndrome (167). 


Blood dyscrasias 


Since none of the values reported for blood iodine in blood dyscrasias 
has been determined on the fractionated blood iodine, we regard the con- 
tradictory data as inconclusive. 

Most investigators have frequently found an elevated blood iodine in 
lymphatic leukemia (19, 133, 172, 194, 196, 209). On the other hand, 
normal values have been reported (49). Curtis and Fertman found a sex 
difference, the blood iodine being considerably elevated in males and nor- 
mal in females despite an increase in the BMR (167). 

Similarly, in myelogenous leukemia, high (133, 194), normal (167, 210), 
and low (172, 209) values have been reported. In most instances these are 
average results, individual instances varying from elevation to depression. 

Hyperiodemia has been observed in lymphosarcoma (209); however, a 
normal blood iodine has also been found in this disease (167). 

In Hodgkin’s disease no significant deviation from normal was observed 
by Curtis and Fertman (167). K. B. Turner and his associates, on the 
other hand, found the blood iodine slightly elevated in 2 cases and normal 
in 2 others (209). 

Veil and Sturm noted that in pernicious anemia the blood iodine may be 
greatly increased during the stage of remission and subsequently de- 
creased to normal or even to low normal during an acute crisis (19). 

Curtis and Fertman reported no significant deviation of the blood iodine 
from normal in other blood dyscrasias including splenomegaly of un- 
determined origin, agranulocytosis, secondary anemia, polycythemia vera 
and pernicious anemia (167). 
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Extrathyroid malignancy 


Although it is not uncommon to observe an elevated BMR in malignant 
diseases other than those involving the thyroid gland (presumably be- 
cause of the altered metabolism of the neoplastic cell) the blood iodine has 
been generally found to be normal. 

Curtis and Fertman observed normal blood iodine values in 12 patients 
with various types of nonmalignant tumors, in 6 patients with carcinoma 
and in 1 with osteosarcoma (167). Fowweather reported on 24 cases of 
cancer, in 11 of which there was a blood iodine below normal (117). 

The only possible exception to the observation of normal blood iodine 
values in malignancy has been noted in carcinoma of the liver, in which 
de Courcy reported extremely high values (211). The effect of exogenous 
iodine, however, especially from gallbladder visualization, should be 
suspected. 

Hepatic and biliary disease 


Some of the highest values of the blood iodine have been reported in 
diseases of the liver and extrahepatic biliary system. De Courcy has re- 
ported values up to 100 times normal in liver damage (as in hepatitis ac- 
companying chronic cholecystitis) and up to 1,000 times normal in com- 
mon duct obstructions (212). Indeed, he regarded the Kiippfer cells of the 
liver as responsible for the role the liver presumably plays in iodine 
metabolism, although he was unable to explain the normal values observed 
in cirrhosis (213). Curtis and Fertman also reported an elevation of the 
blood iodine in patients with chronic cholecystitis which was commen- 
surate with that found in patients with toxic goiter (167). 

This phenomenon is of especial interest because of the role assigned to 
the liver in the metabolism of iodine (112). It has been shown that the 
iodine content of bile is consistently high (214, 215), and it is likely that 
this is because of the function of the liver cells in the catabolism of cir- 
culating thyroid hormone. Indeed, de Courcy has recommended that the 
blood iodine is a better test of hepatic function than other tests in general 
use (211). 

These abnormally high values in hepatic disease have, however, been 
adequately explained. Curtis and Fertman have stated as follows: “Our 
own observations would lead us to think that these (elevated blood iodine 
values) were due to recent administration of iodine, most likely the gall- 
bladder dye with its high content of organically combined iodine’’ (167) 
Riggs likewise believes that the previous administration of organic iodine- 
containing gallbladder dyes accounts for the reports of high blood iodin: 
values in liver disease (100). 

Greene and Bruger, in a study of 47 patients with disease of the live: 
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and biliary tract, observed that the blood iodine was normal when it had 
been established that no iodine-containing compounds had been given 
several weeks prior to analysis, although it was elevated after the adminis- 
tration of iodine-containing dyes for cholecystography. These investi- 
gators produced severe jaundice experimentally in cats by ligation of the 
common bile duct and found no significant elevation of the blood iodine 
(152). Cohn and Feldman likewise reported no elevation of the blood 
iodine in 4 patients with various liver and gallbladder diseases. They also 
showed that carbon tetrachloride, a substance which produces degenera- 
tion of hepatic cells, causes no significant changes in the blood iodine of 
rabbits. From these two observations they concluded that the functional 
relationship between the thyroid and liver is not expressed by the blood 
iodine level (216). 


Certain infectious diseases 


In most infectious diseases no significant elevation of the blood iodine 
has been noted (167). 

Certain symptoms of pulmonary tuberculosis, such as tachycardia, 
nervousness and weight loss, are known to simulate those of hyperthy- 
roidism. Crile has pointed out that any infectious process, especially those 
of a chronic type, may cause confusion in the differential diagnosis of 
hyperthyroidism (199). A transitory hyperthyroidism has been suggested 


to occur in the early stages of pulmonary tuberculosis (217). Studies of 
the blood iodine have not given support, however, to this thesis. Veil and 
Sturm found no increase in the blood iodine level of patients with pul- 
monary tuberculosis (19). Other investigators likewise reported normal 
blood iodine values associated with this disease (167, 218). The urinary 
iodine has likewise been reported normal in tuberculosis (219). 

Normal (220) as well as elevated (167, 205) blood iodine values have 
been observed in syphilis. Since iodides have been commonly employed 
in the management of this disease high values may have been due to un- 
recorded iodine medication. 

A second group of infectious diseases in which elevated blood iodines 
have been observed consisted of 6 male patients with various forms of 
arthritis (167). Despite the fact that these values fell to normal after fever 
therapy, the possibility of previous iodine medication to account for in- 
creased values cannot be excluded. Here again iodides have been a popular 
form of therapy. 

The occurrence of hyperiodemia in severe infections and in septicemia 
has been reported (133, 194, 196, 219). On the other hand, Veil and Sturm. 
found a fall in the blood iodine in 5 cases of acute fever (19). Fashena 
found no elevation of the blood iodine in various infectious diseases of 
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children, including bronchopneumonia, mastoiditis, otitis media, pyeliti- 
and cervical adenitis (221). 

Normal blood iodine values have also been reported in sinusitis, bron 
chiectasis, bronchopneumonia, chronic empyema, and subacute bacteria! 
endocarditis (167). An increased blood iodine in a patient with rheumati 
fever was believed to be due to hyperthyroidism, and a similarly hig): 
value in cystic arachnoiditis was thought to be a sequel to myelograph, 
(167). 

Cutaneous diseases 

Many dermatologists have long held that iodides have the tendency to 
cause exacerbation of acne as well as to produce acneform eruptions. 
Studies on the blood iodine have not supported this premise (222). Traub 
and Emmet reported a normal blood iodine in 45 patients with acne vul- 
garis. The blood iodine also showed no deviation from normal in 13 patients 
with miscellaneous cutaneous diseases including neurodermatitis, der- 
matophytosis, psoriasis, pityriasis rosea, eczema, pruritis and occupa- 
tional keratosis (222). 

Brill and Goyert could likewise demonstrate no increase in the blood 
iodine in 10 patients with eczema nor in 88 patients with various other 
dermatoses. They concluded that there is no definite relationship between 
the blood iodine and the dermatoses (223). 


THE BLOOD IODINE FOLLOWING SURGERY 
Surgery of the thyroid gland 


Gutzeit and Parade have reported that after ligation of both superior 
thyroid arteries the total blood iodine, as well as the PBI, gradually falls 
over a two-week period. A similar fall is seen within a few days after sub- 
total thyroidectomy, this fall being parallel with the subsequent clinical 
improvement (224). Moreover, in patients successfully prepared for sur- 
gery with iodine medication, the low PBI often continues after operation. 
Thus, Salter concludes that the operative procedure has merely established 
anatomic exclusion in place of the previously existing chemical exclusion of 
the gland from the bodily economy (113). 

Silver and Tyson reported an increase in the level of plasma iodine 
immediately after thyroidectomy, with a subsequent fall in twenty-four 
hours. The normal level was reached in uncomplicated cases seventy-two 
hours after operation. These patients, however, had been treated wit): 
Lugol’s solution (10 minims, three times daily) for an average of eightee: 
days prior to and until the day of operation (76). Docds and his co-worker: 
on the other hand, were able to der onstrate no change in the PBI in th: 
period immediately before and after operation (182), whereas Curtis an: 
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Phillips reported a postoperative elevation of the blood iodine even in 
uneventful cases (225). 

Perkin and Hurxthal demonstrated that in hyperthyroid patients with 
:. preoperative elevation of the total blood iodine, the iodine showed a 
decrease to normal within three months postoperatively and was still 
normal at the end of one year. Hyperthyroid patients with normal preopera- 
‘ive blood iodine levels, however, showed an increase in the blood iodine 
following subtotal thyroidectomy, which increase reached the highest 
elevation in six months and had returned to normal by one year (189). 
\[oreover, since the cases of recurrence and borderline recurrence fell into 
ihe group of patients with normal preoperative and elevated postoperative 
levels of the blood iodine, they suggest more radical surgery in this group 
(226, 227). In general, we are not in accord with these findings and are in- 
clined to question the effect of previous unrecorded iodine medication and 
the use of total rather than fractionated blood iodine, both in initial and 
recurrent hyperthyroidism. 

There is some evidence that anesthesia alone may affect the level of the 
blood iodine. Anderson and Leitch, working with goats and humans, re- 
ported that a marked rise or fall may occur under anesthesia, usually a 
rise under ether and a fall under chloroform. The blood of rabbits sampled 
immediately after death from anesthetic agents showed only a trace of 
iodine. They concluded that the effects of anesthesia on the blood iodine 
were not uniform, possibly due in some instances to the simultaneous ad- 
ministration of adrenalin (228). 

After treatment of the hyperthyroid gland with x-ray or radium the 
blood iodine falls rapidly (229). However, an initial rise both in total 
iodine and in the PBI may occur within two hours unless the previous 
levels were unusually high (224). 

Puppel and Curtis have shown that the increase in negative iodine 
balance which occurs in hyperthyroidism returns to normal following 
adequate thyroidectomy (193). Following total thyroidectomy for cardio- 
vascular disease, however, Curtis and his associates reported a great in- 
crease in the urinary loss of iodine which usually persists for forty-eight 
hours (210, 225). They regard this as iodine depletion of extrathyroid 
tissues (210). 

The cause of the postoperative thyroid ‘‘crisis’’ remains unsettled, al- 
though it has been the subject of considerable investigation with con- 
flicting data and speculation. The reports of some investigators suggest 
that the greatly dreaded ‘‘storm”’ may be induced by a sudden flooding of 
the circulation with hormone at the time of operation. Gutzeit and Parade 
showed that the PBI rose within two hours after operation in 4 of 8 patients 
and that these patients showed an increased tendency to postoperative 


b] 
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disturbances, perhaps due to a mechanical “squeezing out’’ of hormon: 
from the gland (224). Silver and Tyson likewise believe that a definit: 
correlation exists between the severity of the postoperative reaction an: 
and the course of the blood iodine response; the more severe the reactio: 
the greater and more prolonged the rise in the level of the blood iodin: 
(76). Salter expresses the opinion that the rare thyroid ‘‘storm”’ seen afte: 
x-ray therapy may be explained by the acute rise in the total blood iodin:: 
as well as the PBI, seen within two hours after treatment (113). 

Even in nontoxic nodular goiter Curtis and Swenson have demonstrate: 
an increase in the PBI in the immediate postoperative period. They report 
that this may be due to: 1) trauma or manipulation of thyroid tissue during 
surgery; 2) stimulation of the remaining thyroid tissue by TSH (due to 
decrease in the amount of circulating thyroid hormone); or 3) general 
metabolic stimulus incident to the trauma of surgery with anesthesia. 
Since iodine exerts a twofold action to reduce the amount of circulating 
thyroid hormone (by inactivating TSH and by inhibiting the proteolytic 
enzyme system which ordinarily acts to release the thyroid hormone from 
the colloid), they suggest that iodine be administered both preoperatively 
and postoperatively to nontoxic nodular goiter patients (176, 230). 


Nonthyroid surgery 


We have been unable to find any reports of the effect on the blood iodine 
of other-than-thyroid surgery. 

Subsequent to the report of Curtis and Phillips that a striking increase 
in the urinary loss of iodine immediately follows partial thyroidectomy 
(225), and that of Curtis and Barron that a similar increased excretion oc- 
curs subsequent to a total thyroidectomy (210), Curtis, James and 
Matthews investigated the effect of other-than-thyroid surgery upon the 
urinary loss of iodine. Following 12 major surgical operations they demon- 
strated a great increase in the urinary loss of iodine which was unaffected 
by the type of anesthesia, narcotics or the amount of tissue injury. This 
they regarded as due to a mobilization of tissue iodine (153). Recent ex- 
periments of our own have led us to suspect that this may have been due 
to iodine contained in the catgut used in surgery. Our results, however, 
because of the method used, are not conclusive (89). 

It is possible that the profound disturbance in metabolism induced by 
major surgical procedures might be reflected in the levels of the fractio:- 
ated blood iodine. It is conceivable that therapeutic implications as rc- 
gards preoperative and postoperative iodine or desiccated thyroid therap 
might follow. Further investigation should clarify this. 
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THE BLOOD IODINE AS A DIAGNOSTIC AID 


In these days of political, economic and social instability it has become 
a common complaint that the ‘family doctor’ is rapidly disappearing, 
along with the society and mores which bred him. We recognize the dis- 
advantages implied in his passing. Nevertheless, we cannot but feel that 
the scientific medicine practiced today is superior to the intuitive judg- 
ments of yesterday. We regret that loss of intimacy between doctor and 
patient, yet we vigorously applaud the modern approach to diagnosis and 
therapy based upon a more precise understanding of the mechanisms 
involved. 

The fractionated blood iodine describes the immediate effect of altered 
thyroid physiology rather than the ultimate result manifested by more 
remote evidence, such as clinical signs and symptoms and the basal meta- 
bolic rate. We no not in any sense imply that the latter are insignificant. 
On the contrary, it is the patient’s presenting complaints, along with the 
physical signs which accompany them, upon which the diagnosis should 
be based. Even the most astute clinician, however, cannot fail to recognize 
the great help which the clinical laboratory has given him, and any 
laboratory method which can aid in firmly establishing a diagnosis or in 
narrowing down the differential should not be disregarded. In our extensive 
experience the fractionated blood iodine has proven one of the more satis- 
factory of these laboratory approaches. 

We are not unopposed in our views. McCullagh and Schneider have 
stated that the diagnostic value of blood iodine levels is distinctly limited 
(231). Noehren likewise believes that the quantitative blood iodine pro- 
cedure is too difficult and delicate to be of practical value (197). 

We reaffirm, however, that recent refinements have made the blood 
iodine a simple, accurate, inexpensive and reliable method which should 
be utilized whenever the diagnosis of disturbed thyroid function is enter- 
tained. It is of special value when thyroid activity is not clear. 

Riggs, in an analysis of 325 blood iodine determinations, came to the 
following conclusions: 1) 3 per cent were technically unsatisfactory be- 
cause duplicates failed to check within 2 micrograms per cent, or because 
there was heavy contamination of reagents with iodine; 2) 85 per cent were 
definitely, and 4 per cent probably compatible with the clinical impression, 
and 3) the remaining 8 per cent were incompatible with the apparent 
thyroid status and of these, only 2 per cent could not be explained by 
previous iodine medication (100). These results can be favorably com- 
pared with any of the usual laboratory tests. 

Although, as we have stated, we believe the blood iodine should be 
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determined whenever the diagnosis of thyroid disorder is considered, there 
are certain conditions in which it becomes of special benefit as a diagnostic 
aid. 

When difficult or impossible to obtain the BMR 


Many instances arise when it is difficult or even impossible to obtain 
a reliable determination of the basal metabolic rate. Riggs has restated 
the well known fact that the BMR may be unsatisfactory since it is erratic 
in serial determination (100). We have already pointed out that the basa! 
metabolic rate is but a measurement of oxygen consumption and as such: 
is seldom a true indicator of thyroid function since it may be affected by 
any factor which modifies this rate of consumption. 

In infants it is most difficult to obtain a satisfactory BMR. Indeed, 
it is difficult even in children to obtain significant readings because of the 
apprehension precipitated by a suffocating mask and a terrifying ‘‘tin can.” 
Curtis (130), McCullagh (156), and Salter (75) have all remarked on the 
facility of obtaining blood in these instances. We have even drawn suf- 
ficient blood from newborn infants, replacing the 5 or 10 cc., in order to 
determine the fractionated blood iodine. 

In overactive or apprehensive patients it is likewise most difficult to 
obtain reliable BMR determinations. Especially in many of the psychoses 
does this test become insignificant, whereas the blood iodine remains a 
simple technical feat (202). 

In such other unrelated states as chorea, Parkinson’s syndrome, cerebral 
injuries, moronism, mongolism and senility, determination of the blood 
iodine is practicable, whereas the BMR becomes next to impossible, or 
at best most difficult, to determine. Moreover, in experimental animals 
the blood iodine is easier to determine and to interpret than is the BMR 
(75). 

There is no delay incurred in determining the iodine content of blood. 
Salter has analyzed a serum in New Haven which was air-mailed from 
San Francisco and has returned a telegraphic report before the patient 
could arrange an appointment for determination of the BMR (75). 


In borderline or incipient hyperthyroidism 


The characteristic clinical picture which results from profound disorders 
of the thyroid gland is so definite that the diagnosis becomes at once ob- 
vious. However, “when thyroid dysfunction is minimal the signs and 
symptoms may be so equivocal that the presence of thyroid disease cai 
only be suspected from the history and physical examination” (100). In 
these instances the diagnosis may depend to a considerable extent upon 
evidence obtained from laboratory procedures such as the blood iodine. 
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In a study of 235 patients with borderline hyperthyroidism Perkins and 
Cattell demonstrated that despite a generaliy elevated basal metabolic rate 
‘he blood iodine level was not significantly increased in the majority of 
persons for whom a tentative diagnosis of mild hyperthyroidism was un- 
supported by clinical observations. Likewise was it normal in most of those 
patients with goiter who subsequently did not benefit from thyroidectomy. 
)n the other hand, both the BMR and the blood iodine level were usually 
levated preoperatively and declined postoperatively in those who clini- 
‘ally improved following adequate thyroidectomy. These investigations 
‘ed to the conclusion that the blood iodine was preferable to the BMR in 
‘stablishing a diagnosis of hyperthyroidism in patients with ‘“‘adenoma- 
(ous”’ goiter (175). 

Curtis and Swenson have noted that in the management of endemic 
voiter few good criteria have been advanced to enable one to predict or 
measure the onset of hyperthyroidism while the disease is still incipient 
(176). They reported significant correlation, however, between symptoms 
suggestive of hyperthyroidism and an elevated PBI, found that the PBI 
increased progressively with duration of the disease and concluded that 
there is a definite tendency for hyperthyroidism to develop in association 
with the nodular goiters found in Central Ohio (176, 198). 

Problems in diagnosis also arise when hyperthyroidism is associated 
with essentially normal basal metabolic rates (169, 232), in the apathetic 


hyperthyroidism of Lahey (233) and in the cardiotoxic principle of Hertz- 
ler (170, 234, 235). Here again the fractionated blood iodine may be of 
considerable assistance in establishing the clinical diagnosis. 


In observing response to treatment 


The response to treatment with any of the goitrogenic group of drugs, 
with radioiodine, or even with subtotal thyroidectomy, is individual and 
the reaction of a particular patient to any form of therapy, because of the 
complex mechanism involved, cannot be predicted. For this reason it is 
highly desirable to follow each patient closely so that the therapy can be 
altered to suit individual needs. 

The serum iodine responds more rapidly to alterations in thyroid status 
than does the BMR (100, 181, 184). Likewise it is less subject than is the 
BMR to fluctuations in serial determination (100). 

For these reasons determination of the blood iodine is most valuable in 
observing the response of patients to surgery, to treatment with radio- 
iodine or with thiouracil or its allies. With information gained from the 
level of the blood iodine the physician has the patient under more precise 
control, is able to appraise his response more exactly at any given time 
and can present more accurate judgment as to prognosis. 
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In hyperthyroidism due to secretly ingested desiccated thyroid 


Not infrequently malingerers will ingest desiccated thyroid in significan 
amounts in order to produce a temporarily induced hyperthyroidism. 
Perkin and his associates remark that the physician should suspect in- 
duced thyrotoxicosis in any case of apparent hyperthyroidism in whic): 
an enlarged thyroid cannot be palpated (236). We add that aberrant 
thyroids should also be eliminated before malingering is suspected. 

These same investigators point out that an elevated blood iodine con- 
firms the increase in urinary excretion of iodine in this condition and that 
values will decline to normal in seven to ten days following cessation of in- 
gestion of desiccated thyroid (236). 

Curtis et al. likewise reported that the blood iodine is elevated in patients 
receiving unwarranted amounts of desiccated thyroid. In 1 patient who 
had been receiving 10 grains daily for six weeks the whole blood iodine 
value was 37.7 micrograms per cent (133). 

Skanse and Riggs were able to differentiate spontaneous thyrotoxicosis 
from ‘“‘thyrotoxicosis factitia,’ or “alimentary thyrotoxicosis,’ by com- 
bining the PBI determination with determination of the excretion of 
radioactive iodine. In the former, a high PBI is found along with low uri- 
nary excretion of tracer doses of I'*!. In the latter, however, a high PBI 
coexists with high urinary excretion of radioactive iodine in tracer dosages. 
Uptake gradients also differ, the gland having an increased avidity for 
I'*! if the elevated PBI is due to an increase in the activity of the thyroid 
gland, whereas this is decreased if due to prolonged administration of 
desiccated thyroid (237). 

Riggs and his associates report that many euthyroid subjects can toler- 
rate considerable amounts of desiccated thyroid without significant al- 
teration in either BMR or PBI. Very large doses, however, produce ab- 
normal elevations of both and elicit most of the signs and symptoms of 
spontaneous hyperthyroidism (238). 


In other hypometabolic states 

Parson recently re-emphasized the difficulty which commonly arises in 
distinguishing hypothyroidism from other hypometabolic states (239). 
The physician has learned to be suspicious of elevated basal metabolic 
rates but is usually prone to make a diagnosis of hypothyroidism in the 
presence of suspicious symptoms along with a lowered BMR. 

E. P. and D. R. McCullagh reported 6 patients whose BMR range:! 
from minus 16 to minus 42 per cent but who were without clinical evidenc:: 
of hypothyroidism. Diagnoses included narcolepsy, pituitary cachexia, ex- 
haustion and sexual neurosis and prepubertal hypogonadism. The bloo: 
iodine in all was normal (156). 
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We, too, believe that the blood iodine is significant in isolating hypo- 
thyroidism from such unrelated conditions. 


In other hypermetabolic states 


The more experience one has with thyroid disorders the oftener he is 
impressed with the difficulty which often arises in the differential diagnosis 
of hyperthyroidism. We have emphasized repeatedly that an elevated 
3MR indicates increased oxygen consumption and is in no way a direct 
ieasurement of thyroid status. It may be elevated as high or higher in 
inonthyroid hypermetabolic states as in thyrotoxicosis. 

The blood iodine, on the other hand, since it is an estimation of the 
«mount of circulating hormone, remains unaffected by those extrathyroid 
liypermetabolic states which may simulate hyperthyroidism in signs and 
symptoms and likewise result in an increase in the basal metabolic rate. 

Particularly may such conditions as neurocirculatory asthenia, anxiety 
states, hypochondriasis, inorganic heart disease, hypertension and cardiac 
decompensation, especially in the presence of an enlarged thyroid gland, 
often be separated from thyrotoxicosis by determination of the fractionated 
-blood iodine. Less confusing, but often troublesome, are the psychoses, 
nonthyroid endocrine disturbances, blood dyscrasias, (especially the 
leukemias), certain infectious diseases and carcinoma. The evidence in 
support of this has been presented. 


In relation to the duration of thyroid disease 


Perkin and his associates demonstrated a normal total blood iodine in 
approximately one third of their patients with ‘‘hyperthyroidism’”’. These 
normal values were apparent when untreated hyperthyroid symptoms 
had been present for one year or more, whereas when symptoms had been 
present for less than nine months the patients had elevated blood iodine 
values (27, 119, 120, 144, 157, 189, 190). Puppel and Curtis have shown that 
patients with hyperthyroidism are in negative iodine balance (193). 
Perkin and his co-workers explain the low blood iodine values which they 
found, on the basis of continued iodine depletion, and conclude that those 
patients with symptoms of hyperthyroidism and normal blood iodine 
values have had the disease for one year or more. 

Other workers, including ourselves, have been unable to confirm these 
results (76, 85, 186, 188). Especially values for the PBI do not appear to 
be related to the duration of symptoms. We conclude that it is unlikely 
that any significant correlation exists between the blood iodine level and 
the duration of hyperthyroid symptoms. 
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In the prognosis of recurrent or persistent hyperthyroidism 


Related to the above is the report of Perkin and Hurxthal that per- 
sistence and recurrence of hyperthyroidism following subtotal thy 
roidectomy is more apt to occur in the group of patients with normal pre 
operative levels of the blood iodine. Consequently they suggest mor 
radical surgery in this group (189). 

Our findings have indicated that the preoperative level of the PBI i: 
rarely normal in true hyperthyroidism. Since the diagnosis of thyrotoxi- 
cosis is at times admittedly difficult and since persistence or recurrence 
of symptoms is predictable when thyroidectomy is performed for con- 
ditions other than hyperthyroidism, we feel that the diagnosis in some of 
these patients may have been insecure. 

We conclude that recurrence or persistence cannot be predicted on the 
basis of the preoperative level of the fractionated blood iodine. Post- 
operative serial determinations, however, give significant information as 
to persistence and recurrence as well as to the development of thyroid 
insufficiency. 


SUMMARY 


Recent improvements in micro-technique have so simplified the deter- 
mination of the fractionated blood iodine that this procedure is now 
generally applicable clinically. Moreover, it is practical and is now ready 


for inclusion into the facilities of all well established clinical laboratories. 
Although the results obtained from the many different methods now in use 
may not be significantly compared to each other, any one of several 
methods yields results which, when compared to others from the same 
method, are significant both in research and to the clinician. 

Separation of the blood iodine into protein-bound (PBI) and inorganic 
fractions has greatly increased its clinical value. Although the exact 
nature of the PBI is unknown there is considerable evidence to support 
the view that it is, at least in part, thyroxine or thyroxine-like, and as such 
presents direct evidence as to the amount of circulating thyroid hormone. 
Thus, further fractionation of the PBI into its several components appears 
unnecessary since it is desirable to measure all calorigenic substances in 
the blood in order accurately to evaluate thyroid activity. 

The PBI appears bound to those proteins of the crude albumen fraction 
of the serum. Clinical determination of the blood iodine should be don: 
on serum or plasma until some consistent relationship is established be 
tween the iodine content of erythrocytes and that of plasma. 

Normal values for the blood iodine should be established for each loca 
area and for the technique used. It is unlikely that sex, season or age in 
fluence blood iodine values. The blood iodine rises during pregnancy, bu 
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reports on the effects of menstruation, food intake and exercise are in 
disagreement. 

The level of both the PBI and inorganic iodine is demonstrably affected 
by exogenous iodine in any form. Herein lies its chief disadvantage, since 
ihyroid status cannot be determined when the patient has been receiving 
iodine, or any iodine-containing medication. Especially should the clinician 
beware of obscure sources of iodine, such as the radio-opaque dyes used 
n roentgenography. 

The PBI is more often compatible with clinical and pathologic evalua- 
tion of thyroid disorders than is the BMR. The latter is but an indirect 
measurement of thyroid function and may be affected by many diverse 
nonthyroid hypermetabolic and hypometabolic states, whereas the PBI 
is a direct measurement of circulating calorigenic substance. 

The PBI is consistently elevated in hyperthyroidism and falls following 
thyroidectomy or treatment with radioactive iodine or the antithyroid 
drugs; its response is more rapid and more precise than changes in the 
BMR. In cretinism and in hypothyroidism the PBI is consistently below 
normal. Desiccated thyroid in amounts sufficient to relieve the symptoms 
of hypothyroidism causes the diminished PBI to return to normal. In thy- 
roid carcinoma and in thyroiditis values for the PBI are not consistent. 

Nonthyroid diseases, especially the neuroses and psychoses, cardio- 
vascular-renal disease, nonthyroid endocrine disturbances, blood dys- 
crasias, extrathyroid malignancy, hepatic and biliary tract disease, in- 
fectious diseases and dermatoses seldom cause an increase or decrease in 
the PBI. 

Although the fractionated blood iodine should be determined in any 
patient in whom dysfunction of the thyroid gland is suspected, this proce- 
dure is especially valuable in the following instances: when it is difficult or 
impossible to determine the BMR, in borderline or incipient hyperthyroid- 
ism, in observing response to antithyroid drugs, radioactive iodine or thy- 
roidectomy, in cases of suspicious self-medication with desiccated thyroid 
and most especially in differentiating extrathyroid hypermetabolism or 
hypometabolism from true hyperthyroidism or hypothyroidism. 

Although the diagnosis of thyroid disorder cannot be made by deter- 
mination of the fractionated blood iodine alone, this procedure has proved 
to be a most valuable adjunct in the diagnosis, management and prog- 
nosis of thyroid disease. It should be utilized by the clinician with the same 
frequency as other common laboratory aids. 
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LETTERS TO THE EDITOR 


TO THE EDITOR: 


ITH pleasure, on behalf of the Dutch Endocrinological Society 

(Nederlandse Vereniging Voor Endocrinologie), I send you herewith 
abstracts of the studies which were presented at a clinical congress on 
adrenocorticotropin. This meeting was held on January 21, 1950, in 
Amsterdam, Holland, under the general chairmanship of Professor Dr. 
G. J. van Oordt of Utrecht. Adrenocorticotropin (Cortrophin), used in 
these studies, was supplied by N. V. Organon. In view of the very con- 
siderable activity of investigators in this field we hope that this will be 
only the forerunner of other communications. 

J. W. R. Everse, M.D. 

N. V. Organon (Medical Director) 


Oss, Holland April 21, 1950. 
MEETING OF THE NETHERLANDS ENDOCRINOLOGICAL 


SOCIETY (NEDERLANDSE VERENIGING VOOR 
EN DOCRINOLOGIE) 


January 21, 1950 
Amsterdam, Holland 


Prof. Dr. G. J. van Oordt, Utrecht—Chairman 


Titles and Addresses of Those Participating in Program 


Professor Dr. 8S. van Creveld, Chief of the Pediatrie Clinic, Binnengasthuis, University 
of Amsterdam, Amsterdam, Holland. 

Dr. E. Dingemanse, Acting Director, Pharmacological. Laboratory, University of 
Amsterdam, Amsterdam, Holland. 

Dr. J. W. R. Everse, Medical Director, N. V. Organon, Oss, Holland. 

Dr. J. Goslings, Chief, Pharmacological Department, University of Leyden, Leyden, 
Holland. 

Dr. M. Frenkel, Assistant, Internal Medicine, Wilhelminagasthuis, University of 

Amsterdam, Amsterdam, Holland. 

Dr. J. Groen, Chief, Second Department of Internal Medicine, Wilhelminagasthuis, 
University of Amsterdam, Amsterdam, Holland. 

Dr. G. Hellinga, Assistant, Internal Medicine, Wilhelminagasthuis, University of 
Amsterdam, Amsterdam, Holland. 

Dr. W. Hijmans, Assistant, Rheumatological Department, University of . Leyden, 
Leyden, Holland. 
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Dr. L. G. Huis in ’t Veld, Chemist, Pharmacological Laboratory, University of Amster- 


dam, Amsterdam, Holland. 
Dr. F. Kuipers, Assistant, Pediatric Clinic, Binnengasthuis, University of Amsterdam, 


Amsterdam, Holland. 

Dr. J. J. van Loghem, Jr., and P. E. (Mrs.) van Loghem-Langeries, Hygienists, Hygienic 
Laboratory, University of Amsterdam, Amsterdam, Holland. 

Dr. G. A. Overbeek, Pharmacologist-in-Chief, N. V. Organon, Oss, Holland. 

Dr. A. W. M. Pompen, Physician-in-Chief, St. Jozef-Ziekenhuis, Deventer, Holland. 


ABSTRACTS OF PAPERS ON PROGRAM 


1. Dr. J. W. R. Everse. General introduction: the adrenocorticotropic 
hormone. 


This lecture was a general introduction on the corticotropic hormone (ACTH). It was 
stressed that Reiss had materially contributed to research in adrenocorticotropin. 


2. Drs. J. W. R. Everse and G. A. OvERBEEK. The effect of adrenocortico- 
tropic hormone (corticotropin) on the muscular performance of hypo- 
physectomized rats. 

Overbeek (Acta brev. Neerland. 15: 103, 1948) observed that hypophysectomized rats, 


when subjected to the Everse-de Fremery test, showed muscular performance less than 
normal during the first week after operation. The results show that the intraperitoneal 


TABLE 1. INCREASE OF S3.4 Two Hours AFTER THE INTRAPERITONEAL INJECTION 
OF VARYING DosaGES OF ADRENOCORTICOTROPIN IN Rats HypopHySECTOMIZED 
One Day BEFORE THE EXPERIMENT 








S3.4in em. 





ae vee Hypophysectomized Increase 





aaa Before After 


ACTH ACTH as ae in % 





1.00 mg. ; .85 : 15 41 
0.10 mg. i : ‘ , 61 
0.01 mg. ? 15 j i 59 
Control 75 j ' 2 





injections of small amounts of purified adrenocorticotropin (Cortrophin, Organon) cause 
an acute amelioration of this inability. 

All experiments were performed with the same preparation (batch Ch2a) with th: 
activity of 1.4xthe Armour standard as measured in the Sayers test. The technique o 
the performance test has been described earlier. The data recorded in the tables represen! 
the sum of the heights of the third and fourth muscular contractions (S3.4). 

In the first group of experiments, shown in Table 1, male rats weighing approximatel}) 
200 grams were hypophysectomized on the day previous to the experiment. A few hour: 
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later the animals received a single intraperitoneal injection of adrenocorticotropin and 
two hours later a second test was performed. It is clear from this table that even the low 
dosage of 0.01 mg. was sufficient to cause a significantly higher value of S34. Control 
injections with 0.9 NaCl had no effect. Table 2 shows data from similar experiments, per- 
formed at varying periods of time after hypophysectomy. 


TABLE 2. INCREASE OF S3.4 Two Hours AFTER THE INTRAPERITONEAL INJECTION 
OF THE SAME DosAGE OF ADRENOCORTICOTROPIN IN Rats HYPOPHYSECTOMIZED 
AT VARYING TIMES BEFORE THE EXPERIMENT 








No. of S3.4 in em. Increase 


Dosage No. of rats days after 
operation 





Before After 


ACTH ACTH om in % 





1.0 mg. 15 1 EAS 
14 7 ; é 0.35 
0.1 mg. 7 1 : : 1.30 
7 2 : 0.60 
9 5 0.20 





Apparently the effect of adrenocorticotropin decreases when the number of days be- 
tween operation and experiment increases. This can easily be explained by considering 
that the amount of cortical hormone present in the adrenal glands decreases as a conse- 
quence of the absence of the pituitary gland. Therefore the amount which is released by 
the stimulating action of adrenocorticotropin decreases as well, and the effect on muscu- 
lar performance will be less. It is obvious that only the augmentary effects on the first 
day after operation are significant. 

TABLE 3. INCREASE OF S3,4 Four Hours AFTER THE INTRAPERITONEAL INJECTION 


oF 0.01 MG. oF ADRENOCORTICOTROPIN IN Rats HypopHYSECTOMIZED ONE 
Day BEFoRE THE EXPERIMENT 








S3.4 in em. Increase 





Dosage No. of rats Before After 
ACTH ACTH in em. in % 





0.01 mg. 15 2.7 3.7 1.0 37 





Earlier investigations, e.g., of Simpson and Sayers, proved that the metabolic effects 
of adrenocorticotropin are very transient. The same appears to hold true for the effect on 
work performance. This is shown in Table 3, which shows that the increase four hours 
after the injection is less marked than after two hours. 

We may add that the slight mean increase of S34 is caused by a few rats giving a 
response of the same magnitude as after two hours, whereas the remaining rats did not 
respond at all. This is in accordance with the well known facts that 1) adrenocortico- 
tropin is quickly destroyed, and 2) the adrenals contain very small amounts of cortical 
hormones. Their rate of production is very high but their capacity of storage is very 
small. 
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Summary 


The adrenocorticotropic hormone causes an increase of the muscular performance of 
hypophysectomized rats, two hours after intraperitoneal injection. 


3. Dr. G. A. OvERBEEK. Adrenocorticotropic hormone and carbohydrate 
metabolism. 


In dogs treated with high doses of adrenocorticotropin (Cortrophin, Organon), no 
effect on the carbohydrate metabolism was seen. The blood sugar level in rabbits in- 
jected with a high dose of adrenocorticotropin appeared to rise considerably. It proved 
to be possible to prevent partly the fall of liver glycogen (which occurs during a pe- 
riod of fasting of twenty-four hours) in hypophysectomized rats, by adrenocorticotropin 
administration. 

The author holds the view, that diabetic phenomena will appear only when very high 
doses of adrenocorticotropin are administered, and even then, only during the usually 
short periods when other circumstances favorable for blood sugar increases exist (7.e., 
after meals). Some danger for provoking a real diabetes mellitus seems to be present only 
in patients in whom a slight diabetes pre-exists. Something like this has been observed 
in the laboratory in rats treated with alloxan. It is interesting that when a severe diabetes 
pre-existed in these rats, it was not influenced by adrenocorticotropin, possibly because 
the gluconeogenesis already was maximal. 


4, Drs. J. Groen, G. Hetirnes and M. FRENKEL. Effect of a single in- 
jection of corticotropic hormone as clinical function test of the adrenal 


cortex. 


The authors communicated their experience with the test for adrenal cortical reserve 
described by Thorn and his collaborators. They recommend observing the changes that 
are produced after the injection of adrenocorticotropin for eight hours instead of four as 
originally advocated. The behavior of the eosinophilic cells appeared to be the best 
indicator of the effect; the number of lymphocytes and the uric acid/creatinine ratio also 
yielded valuable information; the behavior of the neutrophils is an unreliable yard-stick 
for the measurement of adrenal cortical function. In chronic lymphatic leukemia, the 
eosinophils and the uric acid/creatinine ratio showed a normal reaction, but the lympho- 
cytes and leukocytes changed hardly or not at all after the injection of adrenocortico- 


tropin. 


5. Dr. A.W.M. Pompen. Clinical experiences with adrenocorticotropic 
hormone (Cortrophin) in a patient with chronic rheumatoid arthritis and 


in a patient with Sheehan’s syndrome. 


The first patient, with chronic rheumatoid arthritis, received 50 mg. of Cortrophin 
twice daily for twelve days; and 25 mg. twice in one day. Fasting blcod sugar was 
slightly increased to 130 mg. per cent after six days of treatment but was again 90 mg. 
per cent six days later, although treatment was being continued during this time. The 
glucose tolerance was not influenced. Serum potassium fell from 23.4 mg. per cent to 
17.2 mg. per cent during treatment. Blood proteins were studied with the following re- 


sults (in Gm. per cce.): 
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Patient with chronic Patient with Sheehan’s 
rheumatoid arthritis syndrome 





Before inj. After inj. Before inj. After inj. 





Fibrinogen 0.51 ; 0.43 0.29 
Albumin 3.28 2 3.72 3.68 
Globulin 2.56 . 2.93 2.44 
Alb./glob. ratio 1.30 .60 1.20 1.50 
Total 6.35 5.50 7.08 6.41 
Sedimentation rate (mm.) 60,54and65 5 and 6 15 and 5 5 and 5 
(Westergren) After 14 wk., 60 
Sodium (mg. per cent) 330 .00 319.70 
Potassium (mg. per cent) 23 .43 17.20 
Cholesterol (mg. per cent) j 200 
Cholesterol (mg. per cent) 7 
weeks after injection 177 
Basal metabolism -11% —14% 
Urinary 17-ketosteroids: see communication of Dr. Dingemanse. 


After Cortrophin treatment was withdrawn, the patient deteriorated very rapidly and 
died ten weeks after treatment was discontinued. 

The second patient had Sheehan’s syndrome. This woman was treated for six days 
(five times daily with 5 mg. Cortrophin) and her condition improved. Laboratory find- 
ings showed a great increase of adrenocorticotropic function, but treatment was stopped 
for lack of material. The condition of the patient deteriorated very rapidly, and the 
author holds the view that the stimulation of the adrenal cortex by the adrenocortico- 
tropic hormone inhibited the patient’s anterior hypophysis, and disturbed the labile 
~ equilibrium which had been maintained for a long time on a low level. He therefore, for 
the time being, refuses to give Cortrophin for the treatment of patients with Sheehan’s 
or Simmonds’ syndrome. 


6. Drs. E. DinceMANsE and L. G. Huts 1n ’t VELD. Fractionated estima- 
tion of 17-ketosteriods of patients treated with Cortrophin. 


Dr. Dingemanse showed diagrams of the urinary excretion of 17-ketosteroids of both 
patients treated by Dr. Pompen. 

1) Patient A. K., with chronic rheumatoid arthritis, received 100 mg. of Cortrophin a 

day, during twelve and one-half days. 

2) Patient H., with Sheehan’s syndrome, received 25 mg. of Cortrophin a day, during 

six days. 

In the first patient the total urinary excretion of 17-ketosteroids rose in twelve days 
from 5.7 mg. to 32.2 mg. per twenty-four hours and in the second patient in six days from 
zero to 6.2 mg. per twenty-four hours. It was stressed that in both patients there was an 
increase in the excretion of dehydro-isoandrosterone and 11-hydroxy-androsterone, and 
in the first patient also in the excretion of etiocholanon and 11-hydroxy-etiocholanon. In 
the first patient it was obvious that only those 17-ketosteroids which are considered to 
be derived from cortical androgenic steroids were elevated, and not the other 17-ke- 
tosteroids. 
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7. Pror. Dr. S. vAN CREVELD and Dr. F. Kurpsr. Preliminary experi- 
ences with Cortrophin in rheumatoid arthritis in children. 


Prof. van Creveld described studies on 2 children with rheumatoid arthritis. 

The first patient was a girl aged 13 years, treated in the Pediatric Clinic of the Univer- 
sity of Amsterdam. She suffered from steadily increasing stiffness of the joints for about 
three years, resulting in practically complete invalidism. A gold treatment had given 
temporary improvement. 

Therapy was started on September 28, 1949, beginning with a dosage of 50 mg. of 
Cortrophin daily. The dosage was reduced gradually to 6 mg. a day, divided into four in- 
jections over the day. On November 17, therapy was stopped for a period of nine days; 
at that time she was slightly moon-faced. For nine days she was given four daily injec- 
tions of a physiologic saline solution in volumes equivalent to those of the Cortrophin 
injections. After nine days the patient complained again of pain in different joints and 








17-ketosteroids (KS) (mg. per 24 hrs.) 





Date and dose of Dehy- 
Cortrophin in mg. tulle Aa Es Etio- 11-Hy- Uniden- 
per 24 hrs. re a ie cholan- droxy- tified Total 
olone 17-KS_ 17-KS 
sterone 





Patient 1 
(Untreated girl) 
9/28/49: 1X50 mg. 
9/29/49: 150 mg. 
10/18/49: 4X4 mg. 
10/19/49: 4X4 mg. 
10/20/49: 4x24 mg. 
10/28/49: 4x24 mg. 
12/1/49: (6 days 
untreated) 


HP NwWOORUN 





Patient 2 

(Untreated boy) 
11/25/49: 4X1 mg. 
11/26/49: 4X1 mg. 
12/6/49: 4X1 mg. 
12/14/49: 4X2 mg. 
12/21/49: 4X24 mg. 








had a painful swelling of one thumb. On November 26, the therapy was resumed and is 
being continued. Now she is receiving daily four injections of 1.0 to 2.0 mg. of Cortrophin. 
The moon-face has disappeared. 

The blood potassium level decreased to 3 mEq./L. without changes in the electro- 
cardiogram, but increased again when raw carrots were added to the food. Before treat- 
ment, this patient was totally incapacitated, but now she is able to walk. She showed 
such remarkable clinical improvement that a motion picture of her, taken during differ- 
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ent phases of the treatment, was very impressive. Nevertheless the sedimentation rate 
never dropped to normal levels. The anti-hyaluronidase titer before treatment was very 
high and decreased during therapy to subnormal values. 

The second patient was a boy aged 4 years, who became acutely ill in June, 1949. He 
had a fever typical of sepsis, with erythema and high sedimentation rates but no joint 
-ymptoms. Salicyl therapy did not influence the disease. Amidopyrine (Pyramidon) was 
then started, but granulocytopenia, thrombopenia and anemia developed. Blood trans- 
fusions were given. 

During convalescence exudative pericarditis developed; in mid-November acute 
symptoms appeared again, but now involved the joints of the upper extremities. On 
November 23, Cortrophin therapy was started. On the first day, four 5 mg. doses were 
siven, reduced later to four 1 mg. doses. Spectacularly rapid clinical improvement was 
obtained. The temperature became normal in twenty-four hours; the sedimentation rate 
lropped in fourteen days from 127 mm. to 11 mm. Fasting blood sugar rose to 157.0 mg. 
per cent; no glycosuria was observed. 

The blood potassium level decreased to 3.1 mEq./L. and alterations in the electro- 
cardiogram were observed. Raw carrots were than included in the diet and the blood 
potassium soon returned to normal. 

The table shows some details of the hormone excretion in the urine in these 2 patients, 
as determined by Dr. Dingemanse and Dr. Huis in ’t Veld. 

The pattern of the 17-ketosteroid excretion is more or less similar to that observed 
in Cushing’s disease. 


8. Drs. J. Gostineas, W. Hismans and P. M. van Limpt. Clinical ad- 
ministration of corticotropic hormone in the therapy of rheumatoid arthritis. 


Six patients with rheumatoid arthritis were treated with Cortrophin for periods of 
' from two to three months. The main object was to study all possible reactions in the 
metabolism of patients who were treated for a long time with adrenocorticotropin. The 
clinical therapeutic results were in accordance with observations already published else- 
where. All patients were kept in bed for the first weeks and later only well controlled 
exercises were allowed. The dosage was (with exception of the first 2 patients): first day, 
3X25 mg.; third day to fifth day, 610 mg.; sixth to fifteenth day, 6X7 mg. After that 
period, the dosage was still lower in order to find a maintenance level for each individual 
patient. The daily dose was lowered to 6 X3 mg. for two weeks, and then to 6 X2 mg. and 
6X1 mg. daily for two weeks. 

It was aimed to find a dosage which would maintain the sedimentation rate at normal 
levels (below 10 mm. Westergren). Thus the dosage was increased when the sedimenta- 
tion rate increased and symptoms returned. 

At that time gold salt injections were started concomitant with adrenocorticotropin, 
and therapy was gradually shifted to gold. 

Some details from case histories: 

Patient 1, a 36-year-old female, had rheumatoid arthritis since 1942. During admin- 
istration of 6X1 mg. daily. the sedimentation rate increased and subjective complaints 
returned. Her condition improved on 5X7 mg., and she remained well on 5 X3 mg. The 
patient had a dermatitis spot on her face for four years, caused by gold therapy. Within 
a few days after treatment was started, the dermatitis healed. After five weeks of therapy 
the patient showed a slowly increasing pigmentation and a slight downy growth of hair 
on her upper lip, cheeks, arms, and legs. 

Patient 2, a 42-year-old male, had rheumatoid arthritis and psoriasis since 1932. The 
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arthritis and psoriasis improved in the first weeks of treatment, but deteriorated when 
the dosage was lowered to 6 X7 mg. and, later on, to 6X3 mg. per day. The dosage was 
then increased to 6X15 mg., which resulted in clinical improvement of all but the 
psoriasis. Deterioration started again on a dosage of 6 X10 mg. 

Patient 3, a 33-year-old female, had rheumatoid arthritis for thirteen years. She re- 
mained well during Cortrophin therapy in a daily dose of 6 X1 mg.; and concomitant gold 
therapy has now been started. Side-reactions: from the twenty-fourth day on, acne ap- 
peared on the forehead; from the fiftieth day on, there was a downy growth on the face 
and increasing pigmentation, particularly in skinfolds and in places where venipunc- 
ture, biopsies and Pirquet reactions were performed. 

Patient 4, was a male, aged 65 years. The dose had to be increased on and after the 
thirty-second day to 6 X7 mg., and was again lowered to 6 X3 mg. on the fifty-eighth day. 
The clinical results were good, and there was only slight pigmentation. 

Patient 5, a 56-year-old female, had rheumatoid arthritis for one and a half years. 
Decreased sugar tolerance was found prior to therapy. There was a slight recurrence of 
symptoms with a dosage of 6X1 mg., but improvement again with 5X7 mg. and 5x3 
mg. Other reactions observed were: acne after thirty-six days; slight pigmentation on 
the arms; glycosuria and hyperglycemia. 

Patient 6 was a male, aged 32 years, who had spondylarthritis ankylopoietica (Bech- 
terew) since 1946. There was rapid improvement with a dose of 6X1 mg. but then some 
deterioration occurred; slight elevation of dose resulted in new improvement. Other 
reactions: acne after the thirty-seventh day and slightly increasing pigmentation after 
the fortieth day. 

General observations: In no patient was a rise of blood pressure observed. Thorn tests 
were carried out on each patient on the first day of treatment. One patient had no 
eosinophils prior to therapy, but nevertheless showed clinically a good improvement. A 
rise of the uric acid/creatinine index was observed in only 3 of the 6 patients. The other 
5 showed a significant fall of the eosinophils. 

The fasting blood sugar values showed no greater differences than 15 per cent, except 
in Patient 5, who already had a decreased glucose tolerance before therapy was started. 

In all patients, at the beginning of treatment there was considerable sodium retention 
and some chloride and water retention. Within a week, sodium and chloride retention 
disappeared. In some cases, after an increase of the dosage of Cortrophin, a new period 
of sodium and chloride retention was observed. In one case (No. 1) sodium, chloride and 
water retention increased when the administration of Cortrophin was decreased from 
4X5 mg. to 6X3 mg. daily. On this smaller total dosage given in more injections, the 17- 
ketosteroid excretion also increased. 

The total amount of food consumed increased considerably, and therefore more 
potassium was consumed and excreted; constant potassium losses in the urine were not 
observed. 

The blood levels of sodium, potassium and chloride levels showed but slight variations. 
Only in the 3 female patients was glycosuria observed, but this disappeared during treat- 
ment (in Patient 5, not entirely). In-the male patients, only occasionally was a non- 
measurable reduction observed. 

The excretion of uric acid was, as a rule, not increased. Blood uric acid levels de- 
creased in Patients 2, 3, 4, and 6. Creatinin and cholesterol levels in the blood were con- 
stant, except in Patient 4, in whom a slow increase was observed. 

The excretion of 17-ketosteroids increased in all patients. The highest excretion was 
observed with the high dosages in the beginning of the therapy and a new rise of 17- 
ketosteroids was observed with the increase of the Cortrophin dosage. 
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Patients 4 and 5 excreted more than 60 mg. in twenty-four hours. 

Data on fractionated estimations of the 17-ketosteroids, of 11-oxysteroids and of 
FSH excretion are not yet available. 

All patients increased in weight and in some a slight moon-face appearance was ob- 
served for some time, which gradually disappeared during therapy. 


4, Drs. M. FRANKEL, J. GROEN and G. HELLINGA. Observations in a 
patient with chronic nephritis with nephrotic syndrome, during ad- 
ministration of corticotropic hormone. 


The authors described their observations in a patient with a nephrotic type of 
nephritis during treatment with adrenocorticotropic hormone. The observations re- 
vealed a number of interesting biochemical and physiologic changes during and after 
the administration of adrenocorticotropin. Some unfavorable effects were observed, by 
which the therapeutic usefulness of the hormone in this condition was considerably 
impaired. An acute bilateral arthralgia of the knees manifested itself after cessation of 
therapy. 

The patient, a boy aged 13 years, had been observed for six years in Groen’s clinic. 
The diagnosis (nephrotic nephritis) was recently established. He received 25 mg. (Thorn 
test) of Cortrophin on the first day of treatment, and then 25 mg. four to six times per 
day for thirteen days. During this treatment the blood pressure rose from 135/105 to 
160/130 mm. of Hg. Body weight rose from 37 Kg. to 42 Kg. His cheeks became plump 
and red striae appeared on the abdomen. After withdrawal of the Cortrophin, blood pres- 
sure and body weight decreased and diuresis increased. The boy then complained of 
painfulness of his knees. After two days the body temperature rose slightly and the knees 
were still painful, but objectively nothing could be seen. After a few days the pains 
subsided. 

The number of leukocytes rose from the pretreatment level of 7,000—12,000 per cu. 
mm. to 19,000—20,000, per cu. mm. during therapy, and then decreased to pretreatment 
levels. Lymphocytes reacted on the first day with a decrease, as is usual in the Thorn 
test, but after that remained fairly constant. The same held for the eosinophils. 

The uric acid/creatinine ratio was from 0.65 to 0.75; it decreased after the first injec- 
tion, and increased after Cortrophin administration was stopped. The uric acid excretion 
decreased during therapy. 

The fasting blood sugar value, prior to treatment, was from 70 mg. to 100 mg. per 
cent. During therapy, this value decreased at first to 55 mg. per cent, but it increased 
later to 140 mg. per cent. After the therapy was stopped, pretreatment values were ob- 
served. There was no glycosuria. A glucose tolerance test before treatment showed a 
subnormal curve; during therapy, it showed higher levels but a normal pattern; late in 
therapy, it showed values below the fasting level; after treatment was concluded, the 
curve became normal. 

During therapy there was sodium retention, but after cessation of therapy there was 
definitely increased excretion. Potassium excretion was uninfluenced by treatment. 

The blood sodium before therapy was 130 mEq./L. It was slightly increased during 
therapy but after therapy was omitted it immediately decreased. The blood chloride 
was increased during treatment but decreased after treatment was omitted. The blood 
potassium decreased from 4.50 mEq. to 3.3 mEq./L. during treatment; after omission 
of treatment it rose to 5.55 mEq./L. The electrocardiogram showed a potassium de- 
ficiency reaction. The blood sedimentation rate before treatment was 104, at the end of 
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the treatment 29, and one week after withdrawal of Cortrophin, 102 mm. per hour 
Studies of the blood protein fractions showed the following: 
Total 


protein Euglobulin Globulin Albumin _‘ Fibrinogen 
(Gm.%) (Gm.%) (Gm.%) (Gm.%) (Gm. %) 





Before 4.30 t 0.91 0.28 0.86 
During 2.64 , 0.82 0.53 0.3-0.59 
After 3.50 f 0.81 0.31 0.42-0.73 


10. Dr. J. J. van LoGuen, Jr., and P. E. van LoGHEN-LANGEREIS. 
Control of serologic reactions in patients with chronic rheumatoid arthritis, 
before and during Cortrophin treatment. 

Four serologic reactions were studied in the patients treated by Dr. Goslings, both 
during therapy and prior to therapy. These were: a) anti-streptolysin titer, b) I-aggluti- 
nation, c) Rose test, d) a reaction against somatic antigen (O-antigen) of the hemolytic 
streptococcus. During therapy a general decrease of the titer of the antibodies against 
these various antigens was observed. 


SOME PRELIMINARY OBSERVATIONS ON THE 
TREATMENT OF RHEUMATOID ARTHRITIS 
WITH CORTISONE PLUS INSULIN 


To THE EpITor: 


S A RESULT of laboratory studies by Seneca and Ellenbogen (1) con- 
A cerning the action of steroid hormones on adrenocortical enzyme 
systems in vitro, we developed the hypothesis that insulin may function 
as a synergist to cortisone, permitting more complete utilization by body 
tissues and thus enabling clinical effect to be achieved with smaller doses. 
It was reasoned, in part, that cortisone effects the synthesis of a tissue car- 
bohydrate, and that this activity may be enhanced in the presence of in- 
sulin; activation products of glucose are thus made readily available to tis- 
sues without requiring conversion from amino acids. 
| Obviously, if a method can be demonstrated that will permit good clini- 
cal results to be obtained with considerably less than the usual dose (2-5) 
of 100 mg. of cortisone daily, the cost of treatment will be reduced and the 
liability to the known undesirable side actions of cortisone may be entirely 
obviated. 

Twelve patients with typical rheumatoid arthritis were hospitalized at 
St. Barnabas Hospital, in Newark, and carefully studied before treatment 
In these patients the duration of the disease was six weeks to twenty years, 
and its progression in stages I to IV (6); there were 9 females and 3 males, 
their ages 28 to 67 years. In addition to appraisal and routine procedures, 
glucose tolerance tests were carried out in all of the subjects: fasting blood 
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sugar was within normal limits, but return to the norma! level was delayed 
in cases. The patients then received 125 to 50 mg. of cortisone (acetate, 
a(jueous suspension) and 20 to 60 units of insulin (plain, aqueous solution) 
diily by injection in single or divided doses during successive ten-day 
periods. 

In 4 patients receiving 123 mg. and 20 units, respectively, we observed 
n clinical improvement during ten days. Of 8 patients receiving 25 mg. and 
4) units for ten days, 6 exhibited a rapid fall in sedimentation rate and 4 
had definite signs of clinical reversal. In order to arrive at more rapid 
clinical changes, in all 12 patients the doses were advanced to 50 mg. and 
4) units for ten days, during which time 10 progressed to normal sedimen- 
tution rates and 8 to well-marked clinical reversals, grade I and II (6). It is 
believed, however, that further clinical benefit was available at the 25 mg., 
4) unit dosage. 

No side actions attributable to cortisone were observed during the 30- 
day period, except possibly in one patient who developed edema of the 
ankles. Hypoglycemia caused little difficulty, being readily controlled 
when it occurred, and was not related to the degree of response. The pa- 
tients gained 4 to 29 pounds in weight. 

From these preliminary observations, a number of variations readily 
suggest themselves for further application of the principle, and are being 
pursued. The results appear sufficiently impressive at this time, however, 
to invite critical evaluation by others. It is hoped that not only a safer and 
more economical use of cortisone but also some explanation of its pharma- 
cologic action will be thus established. 


Clinical Research Division, Schering Corporation, 

Bloomfield, N. J.; St. Barnabas Hospital, Newark, 

N. J.; and the College of Physicians and Surgeons 

of Columbia University, New York, N. Y. 
Epwarp HENnpeErson, M.D. 
JoHN W. Gray, M.D. 
Marvin WEINBERG, M.D. 
Evetyn Z. Merrick, M.D. 
Harry Seneca, M.D. 
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1. The Effect of Hypophysectomy and of Growth Hormone on Phosphorus Metabo- 
lism. 
Irving I. Geschwind (by invitation), Choh Hao Li and Herbert M. Evans (by 
invitation). 
Institute of Experimental Biology, University of California, Berkeley. 


The phosphorus metabolism of the male rat was investigated in various experimental 
endocrine conditions, with special emphasis upon the changes occurring in the hypophy- 
sectomized rat, and in hypophysectomized animals treated with growth hormone. 
The radioactive isotope, P**, was used to follow the distribution and transfer of phos- 
phorus. 

P®? was injected either intraperitoneally or intravenously into rats of the Long-Evans 
strain, and the animals were autopsied at intervals from ten minutes to two hours after 
injection. The tissues taken for study were the plasma, liver, kidney, thymus, striated 
muscle (gastrocnemius), and bone (tibia). Results are expressed in terms of ‘‘per cent of 
injected activity per unit weight (or volume), and the experimental animals were 
compared to normal animals of the same weight. 

The values for the P®? accumulation with time in normal tissues resembled those of 
Tweedy and Campbell (J. Biol. Chem. 154: 339, 1944) but differed from those obtained 
by Cohn and Greenberg (J. Biol. Chem. 123: 185, 1938). 

It was found that hypophysectomy resulted in an increased P* accumulation in 
plasma, liver, kidney, and thymus, and a decreased P** accumulation in muscle and bone. 
Normal P® accumulation patterns were found in the thymus and bone of hypophysec- 
tomized animals injected with growth hormone. Growth hormone partially prevented 
the elevation due to hypophysectomy which occurs in plasma, liver, and kidney. The 
hormone was without effect on the decreased accumulation found in muscle after -hy- 
pophysectomy. 
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It is felt that the elevation found in the plasma of hypophysectomized animals rv - 
flects the decreased deposition in bone and penetration into muscle. The high values in 
the soft tissues simply reflect the elevated plasma level. Growth hormone, by increasin z 
the deposition in bone, aids in lowering the plasma P* activity of the hypophysectomiz« | 
animals though the muscle level remains unaffected. 

Calculations designed to demonstrate differences in the permeability of muscle to 
P®? show that the permeability in the hypophysectomized animal is about one-tenth «f 
that in the normal animal. This is believed to be a reflection of hypothyroidism seconda: y 
to hypophysectomy, since Greenberg, Fraenkel Conrat and Glendening (Fed. Proc. ©: 
256, 1947) have found a decreased accumulation of P® in muscle in hypothyroid rats. 


2. Studies on the Effects of Hypophysectomy and of Growth and Adrenocorticotropic 
Hormones on Certain Phosphorous Fractions in the Rat Liver. 
Irving I. Geschwind (introduced by Choh Hao Li). 


Institute of Experimental Biology, University of California, Berkeley. 


Since liver possesses a very marked metabolic activity, it is the organ of choice for the 
study of the effects of various endocrine states on phosphorus maetbolism. To this end, 
male rats (Long-Evans strain) were used, and were autopsied after having been sub- 
jected to the endocrine state for a period of two weeks. Different phosphorus-containing 
fractions and compounds were isolated from the excised livers. The radioactive isotope, 
P*2, was used to follow the physiologic transfer and turnover of some of these components. 
The components studied were the acid-soluble phosphorus, the phospholipid, and 
nucleic acid fractions of the liver. 

It was found that there was no alteration in the concentration of acid-soluble phos- 
phorus in the livers of hypophysectomized animals, whether or not treated with growth 
hormone, when compared to normal animals. 

In agreement with the findings of Chaikoff et al. (Amer. J. Physiol. 116: 543, 1936) 
using dog liver, it was shown that the hypophysectomized animal, whether or not 
treated with growth or adrenocorticotropic hormones, showed no change in the con- 
centration of liver phospholipid, as compared to the normal controls. 

As we have reported previously (Recent Progr. Horm. Res. 3: 33, 1948), hypophysec- 
tomy results in a decrease in the concentration of liver ribonucleic acid phosphorus, with- 
out causing any significant changes in the concentration of the desoxyribonucleic acid 
phosphorus. Maintenance of the hypophysectomized animal with growth hormone helps 
maintain the ribonucleic acid concentration near the normal level. 

In the experiments utilizing P**, all animals were sacrificed two hours after the in- 
traperitoneal injection of P**. Adopting the suggestion of Zilversmit, Chaikoff and 
Entenman (J. Biol. Chem. 172: 637, 1938) we have used as an index of turnover the 
relative specific activity of the fraction in question. 

Comparisons of the values for liver phospholipid in the hypophysectomized animal to 
those in normal animals revealed a marked decrease in the values for the hypophysec- 
tomized animal. Maintenance of such animals with either growth or adrenocorticotropic 
hormones partially prevents this decrease; and ACTH appears the more effective. In 
normal animals, treatment with growth hormone results in a marked increase in live: 
phospholipid relative specific activity when compared to the control. Levels of signifi- 
cance have been determined and all differences are significant. 

Determinations of the liver ribonucleic acid phosphorus relative specific activities 





July, 1950 ABSTRACTS OF PAPERS OF THIRTY-SECOND MEETING 805 


reveal no differences between normal animals, hypophysectomized animals, and hypo- 
physectomized animals treated with growth hormone. 
The significance of the changes is discussed. 


3. The Effect of Growth Hormone on Hepatic Catalase, Erythrocyte Volume, and 


Hemoglobin in Rats. 
O. H. Gaebler, and James C. Mathies (by invitation). 


Edsel B. Ford Institute for Medical Research, Henry Ford Hospital, Detroit. 


Effects of hypophysectomy, and of treatment with growth hormone, on eleven tissue 
«nzymes have been investigated in this laboratory. Included in these studies were ob- 
-ervations on hepatic catalase. Hematocrit and hemoglobin values were also obtained, 

ince hemoglobin, like catalase, is a hemin-containing protein. 

Five experiments were carried out using mature, intact white rats of two strains and 
both sexes. In two of these experiments, significantly lower hepatic catalase values were 
obtained in the animals treated with growth hormone. 

Two experiments were carried out using the more responsive, immature, hypophysec- 
tomized female rat. In the first experiment, hypophysectomized animals were fed ad lib.; 
in the second, treated hypophysectomized animals were restricted to the food intake of 
their controls. Pair-fed, intact, hormone treated and untreated rats were employed as 
contro's in both experiments. The results reveal a much greater concentration of hepatic 
catalase in the hypophysectomized animal. Treatment with growth hormone after hy- 
pophysectomy gives concentrations nearer to those in the intact animals. The low grade 
anemia resulting from hypophysectomy was made slightly worse when the animals were 
treated with growth hormone. This confirms earlier observations that lack of growth 
hormone is not an important factor in the anemia of hypophysectomy. 


4, The Effects of Prolonged Perfusion of the Dog’s Pancreas with Glucose. 
- Ernest M. Brown, Jr.’ (by invitation), F. C. Dohan, L. R. Freedman,? (by in- 
vitation), P. DeMoor'’ (by invitation) and F. D. W. Lukens. 
George S. Cox Medical Research Institute. University of Pennsylvania, Phila- 
delphia. 

In order to extend our observations on the effect of hyperglycemia on the islets, a 
method was developed for the continuous arterial perfusion of a portion of the pancreas 
in unanesthetized dogs. Five to 17 per cent glucose in sterile water containing heparin 
was perfused at rates of 4 to 15 grams of glucose per kilogram of body weight per day for 
as long as twenty days. In 4 dogs perfusion of the celiac axis or the hepatic artery was 
successfully accomplished. During perfusion these dogs had peripheral hypoglycemia 
sustained for seven to fifteen days. In two of these experiments, blood was taken re- 
peatedly from aspirating catheters in a duodenal branch of the pancreatico-duodenal 
artery. These arterial glucose levels tended to be high when peripheral venous hypo- 
glycemia was present. At autopsy, the islets showed either, (a) no abnormality, or, (b) 
severe degranulation of the beta cells and occasional early hydropic degeneration, or, (c) 
hyperplasia, in different areas of the pancreas. It appears that local hyperglycemia of 
the pancreas may be either stimulating or injurious. The results presumably depend on 
the degree, constancy and duration of the local hyperglycemia. These factors can only 
be approximated as yet. 





1 Ayerst, McKenna and Harrison Fellow. 
2 James Hudson Brown Fellow, Yale University. 
3 Belgian-American Educational Foundation Fellow. 
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5. Action of Steroids on Cerebral Metabolism. 
R. C. Bentinck (by invitation), Gilbert S. Gordan, John E. Adams (by invita- 
tion), L. H. Arnstein (by invitation) and T. B. Leake (by invitation). 


Divisions of Medicine and Neurological Surgery, University of California Schoo! 
of Medicine, San Francisco. 


Administration of steroidal hormones often results in characteristic clinical responses 
referable to the central nervous system. A feeling of well being frequently accompanies 
treatment with testosterone compounds, and euphoria has been reported from cortisone 
and desoxycorticosterone. Desoxycorticosterone has also been shown to have anti- 
convulsive activity. 

Following Selye’s observation that the steroids possess anesthetic properties, Gordan 
and Elliott found that these compounds inhibit utilization of glucose and pyruvate by 
rat brain in vitro. Eisenberg et al. reported that deprivation of gonadal steroids by castra- 
tion results in a rapid rate of glucose utilization by rat brain, suggesting that stervids 
may normally act as “brakes” upon the carbohydrate metabolism of the brain. Admin- 
istration of various steroids with the androstene nucleus prevents the characteristic 
rise following castration. The most potent compound tested was desoxycorticosterone. 

The authors have studied by the Kety method the effects of desoxycorticosterone 
glucoside upon cerebral utilization of oxygen and glucose and production of carbon 
dioxide in normal, hypopituitary, and hypogonadal patients. Preliminary data suggest 
that desoxycorticosterone inhibits utilization of glucose by human brain in vivo. Evi- 
dence has also been obtained that this compound causes liberation of glucose from the 
brain. 


6. Hormonal Factors Affecting Avidin Secretion and Biotin Blood Levels in the Chick. 
Roy Hertz, Wm. W. Tullner (by invitation) and F. G. Dhyse (by invitation). 


Endocrinology Section, U. 8. Public Health Service, Bethesda, Md. 


Avidin, the specific factor in egg-white which neutralizes the biologic effectiveness of 
dietary biotin, is produced as a secretion in the genital tract of the laying hen under hor- 
monal influence of the ovary. Avidin formation has been experimentally induced in the 
3-week-old N.H. Red chick by administering 0.5 mg. stilbestrol daily for six days, fol- 
lowed by 1 mg. progesterone daily for two days. Such stilbestrol treatment alone does 
not induce avidin formation but results in a five-fold increase in biotin content of the 
serum as determined by microbiologic response of L. casei. The presence of avidin in the 
genital tract does not affect this estrogen-induced elevation of endogenous biotin. How- 
ever, parenterally administered biotin is rapidly localized in the avidin-containing genital 
tract. 

The potential role of the avidin biotin complex in the endocrine regulation of the fe- 
male genital tract is discussed. 


7. A Study of the Metabolism of Single Therapeutic Doses (2.0 mg.) of Estrone in 
Healthy Women in the Preovulatory and Postovulatory Phases of the Menstrua! 
Cycle.* 

Benjamin F. Stimmel and Clair L. Stealy. 
Rees-Stealy Medical Research Fund and the Division of Internal Medicine of the 
Rees-Stealy Clinic, San Diego. 


Ten healthy women (technicians) were injected with 2.0 mg. of estrone on the eighth 





_ * This work was supported by a grant from the American Cancer Society on recommenda- 
tion of the Committee on Growth to the Rees-Stealy Medical Research Fund. 
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and twentieth days of their menstrual cycles and the forty-eight hour post-injection 
urinary estrogen excretion patterns (estradiol, estrone, estriol) were determined by our 
procedure for the fractionation and photometric estimation of urinary estrogens (J. Biol. 
Chem. 162: 99, 1946). In each case the endogenous urinary estrogen excretion titers for 
the forty-hour pre-injection period were likewise determined and utilized to correct for 
the estrogen probably contributed from endogenous sources. Aliquots of each forty-eight 
hour urine specimen were hydrolyzed by simple hydrochloric acid and by zine dust hy- 
drochloric acid hydrolyses. Simultaneous pregnanediol determinations were made in each 
case in order to elicit the presence of a functional corpus luteum. By both methods of 
hydrolysis the average post-injection urinary estrogen excretion patterns for the group 
were strikingly similar for the two phases of the menstrual cycle so that no consistent 
distinguishing pattern for either phase was observed. Estrone was the major excretion 
product in each instance and conversion of estrone to estriol was not potentiated by the 
presence of a functional corpus luteum as has been suggested by the work of the Smiths 
(Am. J. Obst. & Gynec., 36: 769, 1938). 


8. A Steroid which Promotes Tissue Growth without Concomitant Genital Activity. 
Gilbert S. Gordan, Eugene Eisenberg (by invitation) and Henry D. Moon (by 
invitation). 

Divisions of Pharmacology and Experimental Therapeutics, Medicine, and Pathol- 
ology, University of California School of Medicine, San Francisco. 


The potential usefulness of compounds which stimulate general tissue growth has 
long been apparent. Unfortunately, the only compounds which have been shown to be 
anabolic in man are those steroids which are limited in usefulness by undesirable side- 
effects. For this reason the authors have developed an assay to screen the many available 
steroids,* based upon increase in weight of the atrophic levator ani muscle of the castrate 
male rat. This muscle is restored to normal, or even rendered hypertrophic, by potent 
anabolic agents: testosterone propionate, unesterified testosterone, methyl testosterone, 
testosterone cyclopentylpropionate, and pituitary growth hormone. Progesterone, the 
anabolic effects of which have been inconclusive, produces a moderate but significant 
growth of this muscle. No growth results from steroids which have been found ineffective 
by the metabolic balance method: estradiol dipropionate, desoxycorticosterone acetate, 
ethinyl testosterone, and cis-testosterone. Catabolic agents are now being studied. 

Of several steroids tested, methyl androstenediol was found to have myotrophic 
potency comparable to that of the androgens in the same dose (1 mg./Kg.). Androgenic 
activity was lacking at this dose and was only found with the inordinate dose of 50 


mg./Kg. 

9. Factors in Wheat Germ Oil Affecting the Sex Organs of Hypophysectomized Rats. 
Ezra Levin, John F. Burns, A. Kaplan and V. K. Collins (introduced by Carl R. 
Moore). 

VioBin Laboratories, Monticello, Illinois. 
Specially processed wheat germ oil administered orally or subcutaneously exerts 
androgenic, estrogenic and progestational effects (in press). Hypophysectomized im- 


mature female rats likewise show responses to wheat germ oil. Twenty hypophysec- 
tomized immature female rats, on synthetic diet, receiving 0.5 cc wheat germ oil sub- 





* The steroids used in this study were generously contributed by Ciba Pharmaceutical 
Products, Inc., Summit, N. J.; Organon, Inc., Orange, N. J.; and The Upjohn Co., Kala- 
mazoo, Mich. Methyl ‘androstenediol was suggested and provided by Br. Kenneth W. 
Thompson, Organon, Inc., Orange, N. J. 
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cutaneously on alternate days and sacrificed after eight days, are compared with sesame 
oil injected controls, as well as with similar animals treated with androgen, estrogen an | 
progesterone. 


Average weight of organs (mg.) 


Treatment Dosage Ovary Uterus Adrenal 
Wheat germ oil 0.5 cc. 63.5 73.6 25.0* 
Sesame oil 0.5 ce. 29.8 24.0 15.0 
Testosterone prop. 0.125 mg. 54.2 140.0 32.7 
Alpha-estradiol TSR. 54.0 299.0 28.0 
Progesterone 0.25 mg. 28.4 30.4 17.9 


* Similar responses followed oral administration (1 cc./day). 


Histologic examination revealed that wheat germ oil stimulated follicular maturation, 
maintained the cortex of the adrenals and produced luteinization; sesame oil was with- 
out effect on organs; testosterone propionate maintained the cortex of the adrenals; 
estradiol stimulated follicular maturation and maintained adrenal cortex; progesterone 
had no discernible effect on any of the sex organs. 
Whether these effects of wheat germ oil are due to other than the androgenic, or 
estrogenic, or combined effects (shown earlier) has not yet been determined; its luteinizing 
action and its effectiveness orally are of interest. 


10. The Use of Progesterone in Treatment of Cancer of the Prostate. 
J. B. Trunnell, B. J. Duffy, Jr. (by invitation), Victor Marshall (by invitation), 
Willet Whitmore (by invitation) and Helen Q. Woodard (by invitation). 


Sloan-Kettering Institute, New York City. 


Progesterone (25-250 mg. per day) and anhydrohydroxy progesterone (10-100 mg. 
per day) have been used experimentally in 16 patients with proved cancer of the prostate 
in a variety of stages. One previously untreated patient failed to respond either to 
progesterone or to subsequent castration. All others, however, have been influenced. 
Previously untreated cases have shown changes in all respects similar to those seen in 
individuals treated by castration or estrogen (disappearance of pain; restoration of 
appetite; correction of anemia; fall to normal of serum acid phosphatase and ‘“‘flare” 
followed by fall of serum alkaline phosphatase values). In several patients there oc- 
curred relief of symptoms of urinary obstruction. Two of those otherwise untreated re- 
lapsed after nine and ten months and are now in second remissions induced by estrogen 
therapy. 

Second remissions were induced by progesterone when relapses occurred after castria- 
tion or estrogen induced remissions. The longest of these was three and one-half months. 

Of equal importance are observations that the two compounds used are capable in 
larger doses of “stimulating” the disease. Anhydrohydroxy progesterone (used orally) 
appears more prone to do so than parenterally administered progesterone. Trends in 
these instances are the reverse of those enumerated above; 7.e., more pain and disability, 
rise in serum acid phosphatase, etc. 
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11. Tracer Studies with Labelled Preparations of Anterior Pituitary Hormones: ACTH. 
Martin Sonenberg, Albert 8. Keston and William L. Money (introduced by Rulon 
W. Rawson). 
Department of Clinical Investigation, Sloan-Kettering Institute for Cancer Re- 
search; and the Department of Chemistry, New York University College of 
Medicine, New York. 


An adrenocorticotropic hormone (Armour ACTH) preparation labelled by iodination 
wth I! has been administered intracardially to normal male Sprague-Dawley rats. 
Sc-veral organs have been assayed for radioactivity at various time intervals following in- 
jection. 

It has been observed that a maximum concentration of radioactivity was demon- 
stable in the adrenals immediately after intracardiac injection of the hormone prepara- 
tion. The level of radioactivity in the adrenals has been observed to decrease rapidly 
until at the end of two hours practically no radioactivity was detected. 

With radioautographic studies, radioactive iodine has been demonstrable in the ad- 
renals for at least one hour. By this method of localizing the labelled hormone it 
has been observed that the activity was concentrated primarily in the adrenal cortex 
(with practically no activity in the adrenal medulla). 

Control studies have been made with I'*! labelled iodide and I'* labelled serum al- 
bumin. The labelled iodide was demonstrable in the adrenal but toa lesser degree than 
the I'%! labelled ACTH. The I'*! labelled albumin was also demonstrated in the adrenal 
but to a much lesser degree than the labelled ACTH. 

The adrenal decay curves of the labelled iodide and the labelled albumin were quite 
dissimilar from those observed in the labelled ACTH treated animals. 

Implications of these observations are discussed. 


12. Fate of Intravenously Administered Adrenocorticotropic Hormone (ACTH). 
John B. Richards (by invitation), Marshall Merkin (by invitation), Chi Ping 
Cheng (by invitation) and George Sayers. 
Department of Pharmacology, University of Utah College of Medicine, Salt Lake 
City. 

Each of a series of donor rats received intravenously 1.0 mg. of lyophilized rat pi- 
tuitary powder (equivalent in biologic activity to 100 micrograms of ACTH standard, 
La-1-A) per 100 grams of body weight. Administration of 10, 2.5, 1.25 and 0.30 micro- 
grams of La-1-A produce reductions in adrenal ascorbic acid in hypophysectomized 
assay rats equal to 160, 130, 100 and 32 mg. per 100 grams of tissue, respectively. As- 
suming uniform distribution of ACTH throughout body water and no destruction of the 
hormone, each ml. of donor blood should give a response equal to at least that of 1.0 
microgram of La-1-A. Four ml. of blood removed from 2 intact donor rats five minutes 
after injection of rat pituitary extract induced an average depletion of 133; 3 ml. of 
blood removed from 8 donor rats ten to thirty minutes after, induced an average de- 
pletion of 31. Four hypophysectomized eviscerated rats were injected with an extract 
of rat pituitary; 0.6 to 1.5 ml. of blood removed from these animals fifteen minutes after 
injection induced an average adrenal ascorbic acid depletion of 15. It appears that rat 
ACTH undergoes rapid destruction when injected into the species of its origin. 
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13. The Effect of ACTH upon the Level of 17-Hydroxycorticosterone in the Adrenal 
Vein Bood of Dogs. 
Don H. Nelson (by invitation), Hans Reich (by invitation) and L. T. Samue's, 


Department of Biochemistry, University of Utah College of Medicine, Salt Lake 
City. 


The chief adrenal steroid present in adrenal vein blood of dogs when ACTH is admin- 
istered has been shown to be 17-hydroxycorticosterone. Through the application o! a 
method for the quantitative estimation of adrenal steroids in blood, which has been 
developed in this laboratory, it has been possible to measure variations in the level of 
this steroid in blood from the adrenal vein. 

Using the technique of Vogt, blood flowing from the adrenal gland of dogs has been 
collected continuously and variations in the content of compound F determined. When 
ACTH was administered, there was a marked increase in the secretion of compound F, 
associated at first with an increase in blood flow. No significant amounts of cortisone 
were found. 


2:00 P.M.—F. A. DOISY, PRESIDING 


14. The Functional Relationship between the Pituitary Gland and the Parathyroids. 
Nils Tornblom (introduced by Fuller Albright). 


Medical Clinic and Institute of Physiology, Uppsala, Sweden. 


In normal rabbits on a low calcium, high phosphorus diet the plasma calcium is low, 
the plasma inorganic phosphorus is high and the weight of the parathyroids is markedly 
increased. In hypophysectomized rabbits on the same diet the plasma calcium is equally 
low but the plasma phosphorus is not so high, and the weight of the parathyroids is ap- 
proximately normal. This may be explained on the assumption that the hypophysis 
raises the plasma phosphorus, and that an elevated plasma phosphorus induces para- 
thyroid hyperplasia. , 

In thyroparathyroidectomized rabbits on a high calcium, low phosphorus diet the 
plasma phosphorus is high and the plasma calcium low. In thyroparathyroidectomized, 
hypophysectomized rabbits on the same diet the plasma phosphorus is normal and the 
plasma calcium normal or only slightly low. Administration of pituitary extract to the 
latter group raises the plasma phosphorus and lowers the plasma calcium. Thus, the 
hypophysis produces elevation of the plasma phosphorus, and this action is not mediated 
by the parathyroids. 

The effects of hypophysectomy and pituitary extract are more pronounced in thyro- 
parathyroidectomized animals than in animals with intact parathyroids. Thus the 
parathyroids undergo compensatory changes, which partially reverse the effects of hy- 
pophysectomy and of administered pituitary extract on the plasma phosphorus and c:l- 
cium. 


15. Radioidine (I'*!) and Gonadal Function: An Experimental and Clinical Study. 
B. J. Duffy, Jr. (by invitation), J. T. Godwin (by invitation), J. B. Trunnell and 
R. W. Rawson. 


Sloan-Kettering Institute for Cancer Research, New York City. 


Three premenopausal females with metastatic thyroid cancer had periods of amenc’- 
rhea after large doses of radioiodine (I'*!). A testicular biopsy specimen from a 50-year-o!d 
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male similarly treated revealed atrophic changes and no evidence of spermatogenesis. A 
study was undertaken to determine any specific effect of I'*! on gonadal tissue. 

Experimental—Female Wistar rats at varying stages of sexual maturity were given 
I'' in dosage from .5 to 50 me./Kg. Estrus cycles were followed with daily vaginal 
smears. When animals died or were sacrificed, the thyroid, ovary, and pituitary histology 
and I'*! concentration were studied by the radioautographic method. Additional groups 
o! animals were surgically thyroidectomized and their cycles followed. The effect of 
external irradiation on pituitary and ovarian control of estrus was studied. Animals who 
hud received ['*! were also mated to determine possible effects on fertility. 

Clinical—Two adolescent girls have been followed with daily vaginal slides (Shorr 
technique) after thyroidectomy and treatment with I'*!. One premenopausal woman had 
rudioautographs of ovary, uterus, and liver following 30 me. ['*!. 

Although there is iodide present in the ovary, no significant concentration of I'*! in 
either the rat or human ovary could be demonstrated. Temporary irregularities of the 
menstrual cycle were noted, but it was concluded that ovarian function was not directly 
influenced by sublethal radiation and/or thyroidectomy by ["*'. 


16. Carrier-Free Radioactive Iodine! Thyroid Uptake and Urinary Excretion in Nor- 
mal and Hypothyroid Children. 
Wm. A. Reilly and Dina I. Bayer (introduced by H. Lisser). 


Department of Pediatrics, University of Arkansas School of Medicine, Little 
Rock. 


Five or ten microcuries of carrier-free I'*! is very safe and being below the daily iodine 
requirement is a good test of endogenous iodine metabolism. Heretofore, the excessive 
amounts of iodine (carrier iodine and radioactive iodine) and radioactivity used may well 
have been an unbalanced test of uptake and excretion. 

Standardization of the I“! in microcuries and likewise measuring the wntebi and ex- 
cretion have been done for added accuracy, a frequent lack in previous reports. 

Sixteen euthyroid children between the ages of 4 and 14 years were tested with an oral 
dose of 5 microcuries for those below the age of 6 years, and 10 microcuries for those over 
6 years. Over a ninety-six hour period the thyroid took up between 8.7 and 29.8 per cent 
with the maximum between twenty-four and ninety-six hours and urinary excretion 
varied between 29.3 and 70.6 per cent, with the maximum between twenty-four and 
forty-eight hours. 

We feel that urinary excretion, presuming otherwise normal kidneys, may be a better 
test of thyroid iodine function than thyroid uptake; the excretion is more constant and 
possibly easier to measure. 

The same test doses were given to 5 definite hypothyroid patients without therapy, 4 
of marked degree and 1 mild. For the more marked deficiencies the uptake was around 
1 per cent and excretion was between 70 to 90 per cent with the maximum between 
twenty-four and forty-eight hours. When sufficient thyroid medication was being ad- 
ministered, uptake in the gland was not increased but urinary excretion was decreased 
to between 35 and 40 per cent, reaching the maximum around forty-eight hours. This 
increased excretion could represent inability of I'' to be utilized when thyroid medica- 
tion is not available. 

A low uptake and high urinary excretion are not pathognomonic of primary hypo- 
thyroidism. We find it in mongolism and when hypothyroidism occurs secondarily. 
Under conditions of our test, I'*' low uptake and high excretion is a suggestive evidence 
of hypothyroidism. 
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17. Uptake of Radioactive Iodine, I'*!, by the Thyroid Gland after Administration « f 
Tracer Doses. 
Joseph P. Kriss. 
Department of Radiobiology and the Endocrine Clinic, Stanford Universii y 
School of Medicine, San Francisco. 


The accumulation of radioactive iodine, I'*!, by the thyroid was studied after intr::- 
venous administration of carrier-free tracer doses of 50-100 microcuries. Serial measur::- 
ments were made at approximately 10-minute intervals for one hour and also at twent\- 
four hours by determining the radioactivity as recorded by a Geiger counter directed 
toward the thyroid region. The 60-minute I'*! uptake in 16 euthyroid controls ranged 
from 4 to 11 per cent of the administered dose; corresponding values in 9 patients with 
hyperthyroidism of varying severity ranged from 23 to 72 per cent. In none of 7 patients 
with nontoxic goiter did the 60-minute value exceed the normal range. Uptake by tlie 
euthyroid individuals did not increase significantly after the first five minutes following 
injection, whereas in the hyperthyroid individuals uptake increased over the 60-minute 
observation period, with the highest rate of uptake occurring in the first ten minutes. It 
is believed that the method described measures predominantly trapped thyroid iodide 
and offers advantages over other techniques in simplicity, accuracy, and rapidity by 
virtue of eliminating the factors of gastro-intestinal absorption, protein-binding and 
thyroid hormone turn-over. 


18. Observations on the Relationship between Bone Marrow Activity and Thyroid 
Function. 

Arnold R. Axelrod and Lawrence Berman (introduced by William O. Maddock). 

Departments of Medicine and Pathology, Wayne University College of Medicine, 
Detroit. 


The relationship between bone marrow activity and thyroid gland function has not 
been studied adequately. Our investigation of 36 patients with hyperthyroidism and 
hypothyroidism, based on blood and bone marrow studies, includes quantitative analyses 
of megakaryocytes, fat, and cell content of histologic sections of aspirated marrow ob- 
tained during life. 

In hyperthyroidism the marrow fat content is decreased and cellularity is increased 
in 74 per cent of the patients, whether or not anemia is present. All cellular elements 
are involved. Lymphocytosis in marrow is often present with lymphocytosis in peripheral 
blood. 

In hypothyroidism the fat content of the marrow is normal, but the cellularity may be 
very low. In this case the bulk of the marrow space is occupied by hyperemic and 
edematous tissue. There is hypoplasia of all cellular elements, even in absence of exces- 
sive fat. The presence of a hypoplastic marrow in a patient with hyperthyroidism is sug- 
gestive of prolonged, severe hyperthyroidism. 

Postmortem studies have shown that there is extension of the marrow organ in hyper- 
thyroidism and a decrease of total active marrow in hypothroidism. Hence, in spite of 
normal findings in the sternum, the marrow organ may be hypertrophied in hype:- 
thyroidism and atrophied in hypothyroidism. 
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10. Thyroxine-like Activity of Acrylic Acid Analogues of Thyroxine. 
S. B. Barker, H. M. Klitgaard (by invitation), H. B. Dirks, Jr. (by invitation), 
S. Wawzonek (by invitation) and 8. C. Wang (by invitation). 


Departments of Physiology and Chemistry, State University of Iowa, Iowa City, 


A series of thyroxine analogues was prepared in which an acrylic acid side-chain was 
substituted for the alanine portion of the thyroxine molecule and various amounts of 
bromine or iodine were placed in the 3,5 positions in the phenyl rings. The ability of these 
compounds to stimulate oxygen consumption was measured on normal and thyroidec- 
tomized albino rats. The results have been compared with the metabolic effects of 
known doses of thyroxine on a molecular basis. 

In order of rising metabolic activity, the compounds were: 3,5-dibromo; 3,5,3’,5’- 
tetrabromo; 3,5-diiodo; 3,5,3’,5’-tetraiodo. The 4’-methoxy-3,5-diodo analogue was some- 
what less active than the 4’-hydroxy-3-diiodo form. 

This work supports the concept that the specific nature of the side-chain of the 
thyroxine-like compound is not of prime importance in stimulating metabolism. On the 
other hand, the number and type of halogens does appear very important. 


20. Clinical Application of Certain Mercaptoimidazoles to Hyperthyroidism. 
Thomas H. McGavack, Jacqueline Chevalley (by invitation), A. M. Shearman 
(by invitation), I. J. Drekter and Sidney Stern (by invitation). 


New York Medical College, Metropolitan Hospital Research Unit, New York. 


The following imidazol preparations have been employed in the clinical control of hy- 
perthyroidism arising in various types of goiter: 


1 Methyl-2-mercaptoimidazole 
1 Ethyl-2-mercaptoimidazole 
2 Mercaptoimidazole 

1 Propyl-2 mercaptoimidazole 


The first three have been arranged in their descending order of activity as gauged in 
thyrotoxicosis cases. Sufficient data have not yet been obtained on the fourth to place it 
categorically, but data relative to its usage will be presented. 

In all, more than 100 patients have participated in the study. Average effective initial 
dosages have been 15, 25 and 80 mg. daily for the first three preparations in the order 
named. Corresponding average maintenance doses have been about 10 and 30 mg. 
daily. We have observed no toxic reactions to date with any of the preparations men- 
tioned. From these data and from radiodine uptake studies, are constructed therapeutic 
indices, using thiouracil as a base. Comparisons are made and also observations in rela- 
tion to methylthiouracil and propylthiouracil. 


21. Thyroid Hormone and Tissue Cholesterol Distribution. 
Walter Marx, Lore Marx and Samuel B. Weiss (introduced by H. J. Deuel, Jr.). 


Department of Biochemistry and Nutrition, University of Southern California 
School of Medicine, Los Angeles. 


Rats were fed a high cholesterol diet and desiccated thyroid for a period of six to eight 
weeks; plasma and liver cholesterol values were determined chemically, and the aorta 
was examined histologically. Plasma cholesterol levels were found normal or slightly 
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lower; the accumulation of the sterol in the liver, on the other hand, was as high as in 
control rats fed the high cholesterol diet without thyroid added. Microscopic examin: - 
tion of the aorta revealed a moderate cholesterol deposition, consisting of small crysta!s 
scattered through the endothelium. Control rats fed the high cholesterol diet, but no 
thyroid, for similar periods, did not show any significant cholesterol deposition in tle 
aorta. The influence of lipotropic substances (choline and inositol) on these phenomena 
is discussed. 


22. Studies on Hormonal Control of Serum Lipid Partition in Man. 
David Adlersberg, Louis E. Schaefer (by invitation) and Rhoda Dritch (by invi- 


tation). . 
Mount Sinai Hospital, New York City. 


Evidence is accumulating that lipid metabolism is subject to endocrine control in a 
manner similar to the metabolism of protein and carbohydrate. Our own observations 
confirm the well-established role of the thyroid upon the lipid partition of the serum in 
man. In a group of patients with hyperthyroidism, a lowering of both serum cholesterol 
and phospholipid was encountered, although this change was not great enough to be 
useful diagnostically. 

An alteration in serum lipids was found in patients treated with cortisone and adreno- 
corticotropic hormone (ACTH). Cortisone, injected in doses of 60 to 200 mg. daily over 
a period of six to twenty-four days produced, in 10 instances, an elevation of serum 
phospholipids (Sperry modification of Fiske and Subbarow) from an average pretreat- 
ment level of 220 to 292 mg. per cent (33 per cent). Serum cholesterol (Schoenheimer 


Sperry) increased concomitantly from an average pretreatment level of 187 to 223 mg. 
per cent (19 per cent). Serum neutral fat, in contrast, showed a drop from an average of 
337 to 230 mg. per cent (39 per cent). This latter change occurred even when there was 
little or no increase in serum cholesterol or phospholipids. In Cases 2 and 7, cholesterol 
and phospholipids rose during treatment even though the patients were maintained on 
a fat-free diet (Kempner regimen). The following table summarizes the data and pre- 
sents the pathologic conditions of the patients treated with cortisone. 


Phospholipid* Cholesterol* Neut. Fat* 
Diagnosis Before During Before During Before During 
therapy therapy therapy therapy therapy therapy 


. Disseminated lupus 240 398 192 293 712 169 
. Disseminated lupus 240 322 205 225 404 316 

3. Disseminated lupus 166 260 167 210 277 109 
. Disseminated lupus 271 322 211 248 241 120 
. Periarteritis nodosa 157 304 167 270 356 124 
. Scleroderma 185 248 177 210 273 58 
. Chronic nephritis 339 432 271 302 680 506 
. Acute nephritis 194 235 137 132 221 526 
. Acute leukemia 179 176 163 173 208 144 
. Hodgkin’s disease 227 230 183 167 — 


Average 220 293 187 223 


* Expressed as mg. per 100 cc. of serum. 
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After injection of ACTH in daily doses of 75 to 100 mg., less pronounced changes of 
serum lipids were observed. There was a tendency to a moderate decrease in total and 
esterified cholesterol and a mild elevation of phospholipids. 

Bi-weekly control studies in a group of 10 normal individuals for four weeks revealed 
« range of fluctuations in the serum lipids in both directions and never of the magnitude 
of those observed in most of the cortisone-treated patients. 

These observations indicate that, in addition to the thyroid and anterior pituitary, 
the adrenal cortex may have a function in the control of lipid metabolism in man. 


23. The Effects of ACTH, of Cortisone, and of Other Steroid Compounds upon Fat 
Metabolism in Diabetic and Nondiabetic Human Subjects. 
Laurance Kinsell, Sheldon Margen, George Michaels (by invitation), Robert 
Reiss (by invitation), Robert Frantz (by invitation) and John Carbone (by invi- 
tation. With the technical assistance of Gerald Liebert, Carl Anderson, Lila 
Suiter and Maxine E. Hutchin. 


Metabolic Research Unit, University of California-U. S. Naval Hospital, Oak- 
land, and the Division of Medicine, University of California Medical School, San 
Francisco. 


A standard three-day fasting procedure has been devised, and has been used as a 
short-term method for assaying the effects of pure hormonal entities upon (a) fat 
metabolism, (b) protein metabolism, (c) carbohydrate metabolism, (d) certain aspects 
of mineral metabolism. 

Blood ketone values reach levels as high as sixty times the normal, on the third day of 
the fast. 

Utilizing this procedure it has been noted that ACTH produces a consistent and im- 
pressive fall in the blood ketones, and changes in other blood and urine constituents, 
which indicate that one or more of the adrenal cortical steroids resulting from such stim- 
ulation either (a) greatly increase the rate of ketolysis, or (b) change the metabolic path- 
ways of fatty acids in such a way as largely to eliminate ketogenesis, or (c) produce both 
effects. 

Testosterone, cortisone and other steroid compounds are being systematically evalu- 
ated to determine which type of compound is responsible for the above effects. To date 
no steroid evaluated (in the dosage used) has produced effects upon fat catabolism simi- 
lar to those noted during ACTH administration. 


24. The Anabolic Effects of Testosterone Compound as Manifested by Increased 
Height and Weight Gain in Boys. 
H. Lisser and Gilbert S. Gordan. 
Endocrine Clinic, Division of Medicine, University of California School of Medi- 
cine, San Francisco. 


Sixty short, mostly slender, genitally retarded boys were treated with testosterone 
compounds. Embarrassment because of conspicuous shortness and immaturity was the 
motivating reason. Methyl testosterone was the compound most frequently employed, 
either swallowed or sublingually, in doses gauged to avoid too frequent or long-sustained 
erections. 

Gratifying height increments were achieved in all cases. Weight, muscular develop- 
ment, strength, vigor and morale increased concomitantly. Genital status was rapidly 
augmented to correspond with the chronologic age. Treatment was interrupted period- 
ically, during which time the rate of growth diminished. 
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No harmful effects from the doses were noted, except for the production of gyne- 
comastia in 2 boys, 1 of whom required mastectomy. In 3 other cases soreness or in- 
duration of the nipple areas was recognized early and subsided upon reduced dosage 
Spermatogenesis, when measured, was unimpaired. Epiphyseal closure was not ac- 
celerated. 

These desirable results prompt the writers to recommend this therapy, even in boys 
who could be expected to mature eventually without treatment, in order to forestall 
feelings of inferiority. “If they’re old enough to be teased, they’re old enough to be 
treated.” 


25. The Effect of Testosterone Administration upon the Human Testis. 
Carl G. Heller, Warren O. Nelson, Irvin C. Hill (by invitation), Edward Hender- 
son, William O. Maddock and E. C. Jungck. 


Portland, Oregon; Iowa City, Iowa; Salem, Oregon; Bloomfield, New Jersey; 
and Detroit, Michigan. 


Testosterone is known to suppress testicular function in man as judged from decrease 
in sperm counts and urinary gonadotropins. Observations on the histopathologic changes 
in serial sections of testicular biopsy specimens from normal men have not been 
forthcoming for lack of volunteers, until the present time. 

Sixteen androgenically normal men were given testosterone. Testicular biopsy speci- 
mens were obtained before and at the end of the period of administration. The testes of 
8 men, receiving 24 to 91 consecutive daily injections of 25 mg. of testosterone propionate 
exhibited 1) complete disappearance of Leydig cells, 2) marked decrease in size of semi- 
niferous tubules, 3) arrest of spermatogenesis or necrosis of germinal elements, and 4) 
marked hyalinization of the basement membrane and tunica propria of the tubules. The 
latter had the appearance of an irreversible change. The 8 men receiving three to seven 
75 mg. pellets of testosterone exhibited less severe changes. 

In several, biopsy specimens obtained six months after cessation of testosterone 
administration, showed some degree of recovery. In 5, biopsy material obtained seven- 
teen months after cessation of treatment showed complete recovery, in fact in each 
instance the testicular structure was appreciably better than in the initial specimens 
(which had shown the usual wide range of normal variation). Not only had Leydig cells 
and orderly spermatogenesis reappeared but the hyalinization of the tubular membranes 
had vanished, even in those instances where it had been present, to a moderate degree, 
initially. 


26. Sex-Linked Growth Retardation and Juvenile Diabetes Mellitus. 
Robert R. Commons (by invitation), Oner C. Barker (by invitation) and E. Kost 
Shelton. 


Endocrine Clinic, Los Angeles County General Hospital and the University of 
Southern California School of Medicine, Los Angeles. 


This family is presented as a striking example of the hereditary nature of diabetes 
mellitus. The present generation consists of 6 children; 3 female siblings are normal, 3 
male siblings are dwarfed and have diabetes mellitus requiring insulin. Glucose tolerance 
curves of the female siblings and parents are not suggestive of diabetes mellitus. De- 
tailed family inquiry reveals diabetes mellitus in the great aunt of the father of this 
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family and in one-of her daughters. The 3 female siblings and the father have dark hair 
und brown eyes. The 3 male siblings and the mother are blonds with blue eyes. 

The oldest and the second boy developed diabetic acidosis at the age of 6 years and 
since have been well regulated with insulin and diet. Symptoms of diabetes were recog- 
nized in the youngest boy at the age of 43 years and insulin and diet have kept him well. 
There is no evidence that poor diabetic control has contributed to their growth retarda- 
tion. Each of the boys is in the lowest 1 per cent of growth curves for his age (16 years, 
10 years, 8 years). The eldest child has had occasional idiopathic grand mal episodes 
unrelated to hypoglycemia. He also has bilateral optic nerve degeneration of unknown 
cause. Further physical examination of the boys demonstrates that they are well devel- 
oped with no other hereditary stigmata. 

Detailed laboratory studies demonstrate chiefly those abnormalities characteristic of 
diabetes mellitus. The studies within normal limits include routine blood and urine, 
x-ray films of the chest and sella turcica, x-ray determination of bone age, serum protein- 
bound iodine, serum cholesterol, serum calcium, serum phosphorus, serum alkaline 
phosphatase, serum albumen, serum globulin, serum thymol turbidity, urinary 17- 
ketosteroid excretion, and urinary gonadotropic excretion. Cephalin flocculation tests 
show a 4 plus response in forty-eight hours in the 2 older boys. 


27. Pituitary Infantilism. Treatment with Purified Growth Hormone, Thyroid and Sub- 
lingual Methyl Testosterone. 
Roberto F. Escamilla and Leslie Bennett. 


University Hospital, University of California, San Francisco. 


A female patient with hypophyseal infantilism is presented. She was aged 16 years 
and 8 months when first seen and was 493 inches in height. Previous treatment with 
thyroid, pituitary tablets and injections, anterior pituitary extract and thyroid, and an 
implant of fresh calves’ pituitary had not been effective in materially increasing her 
height. 

Purified growth hormone was administered in doses up to 160 mg. per day without 
affecting the nitrogen, calcium or phosphorus balance of the patient. Three months’ 
treatment with doses of 10 to 25 mg. daily administered intramuscularly resulted in 
growth of approximately 2 of an inch. After a control period, thyroid alone also caused 
growth of approximately 3 of an inch in three months. After another control period, 
methyl testosterone linguets, 5 mg. daily for three months, also resulted in growth of 3 of 
an inch. On a combiaation of methyl testosterone linguets, 10 mg. daily, plus thyroid, 
.065 gram twice daily, there was a definite spurt in growth resulting in an increase of 
13 inches in the first three months. Continued therapy with this combination, with 
occasional control periods, has now been given for approximately one year and seven 
months, and the patient has reached a height of 4 feet, 83 inches, an increase of 53 
inches during this time. Total growth of slightly over 7 inches has now been achieved 
without causing any advance in bone maturity. 

Questions are raised concerning the reasons for the disappointingly small effect of puri- 
fied growth hormone and the apparent synergistic effect when the thyroid and methyl 
testosterone were administered simultaneously. 
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SATURDAY, JUNE 24, 1950 
9:00 a.M.—J. S. L. BROWNE, PRESIDING 


28. Familial Female Pseudohermaphrodism. 
R. C. Bentinck (by invitation), H. Lisser, Frank Hinman (by invitation) anc 
Herbert C. Traut (by invitation). 


Endocrine Clinic of the Division of Medicine and the Divisions of Urology ani 
of Obstetrics and Gynecology, University of California Medical School, San 
Francisco. 


An example of familial female pseudohermaphrodism in 2 sisters is presented and the 
relevant literature is reviewed. Among 28 families, 50 females with this condition ani 
8 males with genital abnormalities have been recorded. The abnormality was limited 
to a single generation of any geneology, occurred among offspring of brothers and sisters, 
and was frequently interspersed among normal male and female siblings. Among 13 
complete family histories, gonadal female offspring occurred with twice the frequency 
of gonadal male offspring. Frequently signs and symptoms were noted suggestive or diag- 
nostic of Addison-like adrenocortical insufficiency. Definitive examination of the ad- 
renal glands, when performed, disclosed enlargement and cortical ‘“‘hyperplasia”’ without 
tumor. When determined, urinary 17-ketosteroids were elevated; pregnanediol excretion 
was variable. 

Genetic, embryologic and hormonal findings are significant. It is suggested that female 
pseudohermaphrodism is not analogous to male pseudohermaphrodism, but that the 
primary fault is genetically related to the adrenal cortical anlage which, during intra- 
uterine life, is presumed to elaborate an abnormal hormone. This hormone, to which the 


response is somewhat different than to administered androgens, is capable of inhibiting 
the differentiation of both Miillerian and Wolffian structures and also has an androgenic 
influence on the secondary sex characteristics. 


29. The Effect on the Linear Growth, Weight Gain, and Histologic Pattern of the Testes 
of Young Rats by Large Doses of DOCA, Lipoadrenal Cortex, Thyroid, Thyroxine, 
Testosterone Propionate and Physiologic Doses of Testosterone Propionate. 

Morton J. Nyda and Gerson R. Biskind. 


Department of Pathology, Mount Zion Hospital, San Francisco. 


Because of conflicting reports in the literature of the effect on the histologic pattern 
of the testis in mammals treated with physiologic and large doses of testosterone pro- 
pionate, experiments with this drug, as well as with DOCA, lipoadrenal cortex, thyroid 
and thyroxine were performed by us on rats and are reported here. Simultaneously the 
effect on linear growth and weight gain were observed. 

Seven groups of 10 rats each, approximately 50 to 55 days old, were used. One group 
of 10 animals was used as a control, and six groups of 10 each were injected three times 
weekly for a period of thirty days with one of the following: 


Testosterone propionate 5 mg. 
Testosterone propionate ay 
DOCA 2.5 mg. 
Lipoadrenal cortex 20 RU. 
Thyroxine 0.4 mg. 
Thyroid, U.S.P. 1 -@r. 
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At the end of the treatment period 5 animals in each group were sacrificed and the 
remainder kept for thirty days longer. 

Our observations show that: 

1) Physiologic doses of testosterone propionate, large doses of DOCA, lipoadrenal 
cortex, thyroid and thyroxine had no demonstrable effect on the histologic pattern of the 
testis. Large doses of testosterone propionate caused diminution in size and number of 
the Leydig cells. This effect was not present in the animals observed thirty days after 
the termination of the treatment. 

2) Physiologic doses of testosterone propionate accelerated growth and weight gain. 
Large doses of testosterone propionate retarded weight gain but showed no effect on 
growth. The lag in weight in the latter animals was recouped in the 30-day period fol- 
lowing termination of the treatment. 

3) DOCA, lipoadrenal cortex, thyroid and thyroxine all retarded linear growth and 
rate of weight gain during treatment. The retardation of growth persisted in all four 
groups observed for thirty days without treatment, whereas the retardation in weight 
gain persisted only in the DOCA and lipoadrenal cortex groups. 


30. The Relation of Adrenal Activity to Experimental Hypertension. 
Lena A. Lewis and Irvine H. Page. 
Research Division of the Cleveland Clinic Foundation and the Frank E. Bunts 
Educational Institute, Cleveland. 


An important relationship between the adrenal cortex and maintenance of the arterial 
blood pressure is well established. It was reported in 1940 that diets deficient in B vita- 
mins resulted in hemorrhage and necrosis of the adrenal glands in rats, that these changes 
could be arrested and the degenerative processes repaired by the administration of pure 
pantothenic acid (Daft, Sebrell, Babcock and Jukes: Pub. Health Rep., No. 55, p. 1333, 
1940; Mills, Shaw, Elvehjem and Phillips: Proc. Soc. Exper. Biol. & Med. 45: 482, 
1940). These results suggested an investigation of the effect of pantothenic acid de- 
ficiency in the dog with experimental hypertension. 

When hypertension, produced by wrapping the kidneys, was well established, the dogs 
were placed on a pantothenic acid free diet. With the development of pantothenic acid 
deficiency, the mean arterial blood pressure of the hypertensive dog decreased, in many 
cases reaching the level normal for that animal. The decrease in blood pressure was ac- 
companied by extreme weakness, skin lesions, anorexia and diarrhea. Adrenal extract 
(5 ml. daily) did not modify the blood pressure or physical condition of the animal, but 
administration of calcium pantothenate was followed by an increase in blood pressure, 
increased strength and improvement in physical condition. 

The effect of DDD (2,2-bis(parachlorophenyl)1,1-dichloroethane) and other agents 
known to cause damage of the adrenal cortex is being studied to determine their effect on 


experimental hypertension. 


31. Interrelations between the Adrenal Cortex and Lymphoid Tissues: Growth of 
Adrenal Transplants in Spleen and Thymus with Local Thymic Atrophy. 
Edward J. Bomze (by invitation) and Nathan B. Friedman. 
Division of Laboratories, Cedars of Lebanon Hospital, Los Angeles. 


After bilateral adrenalectomy, transplanted fragments of adrenal cortex grew well in 
both the thymus and spleen of rats. Approximately half of 50 animals survived beyond 
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the ten-day postoperative period. Ninety-five per cent of 20 animals in which a two- 
stage bilateral adrenalectomy or unilateral adrenalectomy with transplantation was per- 
formed survived. A semblance of normal zonation was established by the regrowth, anc 
large sinusoidal blood vessels formed at the periphery. Although no obvious lysis 0! 
lymphocytes was noted in either spleen or thymus, the thymic lobules in intimate rela- 
tion to the proliferating adrenocortical tissue underwent depletion of lymphocytes ani 
extreme atrophy. Peculiar epithelioid cells appeared in the collapsed thymic reticulum. 
The results suggest that the agent produced by adrenocortical tissue which affects the 
thymus is probably bound or converted in some way during the course of its activity. 


32. The Effect of Adrenal Transplanting on the Stress Reaction to Hypoxia. 
L. L. Langley (introduced by Robert 8S. Teague). 


Department of Physiology, Medical College of Alabama and School of Dentistry 
of the University of Alabama, Birmingham. 


It has been previously demonstrated that exposure of an animal to hypoxia activates 
the adrenal cortex. This results in accumulation of liver glycogen. It has also been previ- 
ously shown that prevention of acapnia will block this response. However, the mecha- 
nism by which the adrenal cortex is stimulated remains an unanswered question. 

C. N. H. Long has suggested that stress activates the adrenal medulla. Epinephrine, 
it is claimed, causes the anterior pituitary to release ACTH. To check this mechanism 
we transplanted the whole adrenal gland in rats, then exposed the animals to a simulated 
altitude of 20,000 feet for twenty-four hours following a 24-hour fast. Thus, the total fast- 
ing period was forty-eight hours. Only animals which had exhibited a normal increase 
in body weight after the operation were used. Histologic examination confirmed the pres- 
ence of viable adrenal tissue. 

It was found that transplanting the adrenal prevented the accumulation of liver 
glycogen in contrast to the marked accumulation observed in intact rats under these 
conditions. Likewise, blood urea values were significantly lower in the animals which 
were operated on. These results lend support to the theory that the adrenal cortical re- 
action to stress is dependent upon the activation of the adrenal medulla through its 


sympathetic innervation. 


33. The Use of Cystine Labelled with S* as a Tool for Studying Adrenal Physiology and 


Metabolism. 
Norman D. Lee (by invitation) and Robert H. Williams. 


Department of Medicine, University of Washington School of Medicine, Seattle. 


Previous studies have shown a relatively large amount of sulfur, particularly in glu- 
tathione, to be found in the adrenals. The authors have postulated that cystine labelled 
with S* could be used as a means for investigating the synthesis and release of adrenal! 
steroids. Moreover, it seemed worthwhile to determine whether sufficient adrenocortical 
concentrations of isotopes could be achieved to indicate its usefulness in the treatment 
of hyperadrenocorticism. 

Intraperitoneal administration of labelled cystine to guinea pigs has indicated the 
relative magnitude of isotope concentration by the organs studied to be as follows: 
intestinal mucosa, kidney, liver, adrenal, muscle. 

The effect of certain hormones‘was measured two hours after their administration witl: 
respect to the S* concentration of the above organs. With ACTH, increases in the kidney 
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and intestinal mucosa are noted. Adrenocortical extract (Eschatin) caused a decrease in 
the adrenal. With thyroxine, marked and unequal increases in S** concentration were 
found in all tissues studied. 

Observations on the adrenal and liver mithochondria showed the radioactivity to be 
incorporated in the protein. 

It was also found that daily intraperitoneal administration to rats of one microcurie 
of cystine S* over a period of one month produced no histologic changes. 

These investigations are preliminary in nature. Further studies are in progress on 
the primary or secondary nature of the effects observed and on the metabolism of ad- 
renal glutathione and ascorbic acid. 


34, Changes in Responsiveness to Insulin in Diabetes Mellitus Induced by the Admin- 
istration of Desoxycorticosterone. 
Hyman J. Zimmerman (by invitation), Albin E. Parrish (by invitation) and Louis 
K. Alpert. 
Veterans Administration Hospital and the George Washington University School 
of Medicine, Washington, D. C. 


Previous study of a group of patients with diabetes in whom liver biopsies were per- 
formed revealed a high degree of correlation between fatty infiltration of the liver and 
insulin insensitivity. Although the possibility existed that the insulin insensitivity may 
have been due to the fatty infiltration, other data made it seem more likely that the 
two phenomena were due to a common cause, rather than that the liver derangement 
was directly responsible for the insulin insensitivity. 

The development of fatty livers and insulin insensitivity which has been demon- 


strated following the administration of anterior pituitary extracts in animals suggested 
the possibility that the factor operating in the insulin-insensitive human diabetics might 
also be of pituitary origin. The demonstration by Sayers and his co-workers of the ability 
of desoxycorticosterone to increase insulin sensitivity in rats, presumably through the 
inhibition of the output of ACTH, led to our investigation of the effect of this steroid on 
insulin sensitivity in diabetes with the use of the Himsworth glucose insulin tolerance 
test. 

In 6 insulin-insensitive diabetics and in 6 who were sensitive to insulin, the effects of 
the administration of desoxycorticosterone for periods of from four to ten days on the 
glucose-insulin tolerance curve, fasting blood sugar, and on glycosuria were studied. In 
5 of the 6 patients who were insensitive to insulin, the glucose-insulin tolerance test was 
changed from the insensitive to the sensitive type. In the remaining 1, there was a slight 
and much less definite increase in sensitivity. After discontinuation of the desoxycor- 
ticosterone, reversion of the glucose-insulin tolerance test to the insensitive type usually 
occurred in from one to three weeks. Of the 6 patients who were previously sensitive to 
insulin, none showed any increase in sensitivity after administration of desoxycorti- 
costerone; in fact, the glucose-insulin tolerance test in 4 of the patients showed some de- 
crease in sensitivity. 

The difference in response to desoxycorticosterone of those patients who are insensi- 
tive to insulin and frequently show fatty livers, and those who are sensitive to insulin and 
in whom fatty livers are rare, is additional supporting evidence that insulin-sensitive 
diabetes probably is of pancreatic origin, whereas insulin-insensitive diabetes is due at 
least in part to a pituitary factor. 
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35. The Metabolic Effects of ACTH in a Patient with Cushing’s Syndrome and Acro- 
megaly. 
Leonard P. Eliel and Olof H. Pearson (introduced by Konrad Dobriner). 
Sloan-Kettering Institute, New York City. 


A patient with acromegaly and Cushing’s syndrome, associated with an acidophilic 
pituitary tumor and nodular hyperplasia of the adrenal cortices, was studied to deter- 
mine whether increased adrenal function could be obtained by the administration of ad- 
renocorticotropic hormone (ACTH). The patient exhibited hypopotassemia, hypophos- 
phatemia, hypochloremia and metabolic alkalosis. Analyses of dry, fat-free muscle re- 
vealed potassium and phosphorus contents 20 per cent and 30 per cent below normal, 
respectively. During ACTH administration (100 mg. daily for twelve days) loss, 
rather than retention, of sodium and chloride was observed initially. A negative balance 
of potassium, phosphorus, and nitrogen developed. The negative calcium balance was 
not accentuated. Hyperglycemia, glycosuria, and creatinuria were increased. 

Potassium chloride administered six days after stopping ACTH, resulted in potassium 
chloride retention, sodium loss, and correction of the hypopotassemia, hypochloremia, 
and metabolic alkalosis. 

Serum bioassay, by Dr. A. Albert, before ACTH administration, demonstrated the 
presence of ACTH. Following partial removal of the pituitary adenoma, it could not be 
demonstrated. ; 

Urinary ketosteroids, reducing steroids, and formaldehydogenic steroids, high before 
ACTH administration, showed approximately threefold increases while ACTH was 
given. 

These findings indicate that ACTH produced further increase of adrenal function in 
this patient. 


36. Effect of Adrenocorticotropic Hormone (ACTH) on the Pathologic Changes Induced 
.by Desoxycorticosterone Acetate (DCA). 
Charles A. Rosenberg (by invitation), Dixon M. Woodbury (by invitation) and 
George Sayers. 


Veterans Administration Hospital and Departments of Pharmacology and Physi- 
ology, University of Utah College of Medicine, Salt Lake City. 


Pathologic changes, resembling those seen in the collagen diseases in man, have been 
induced in rats by the administration of DCA and crude pituitary extracts. Conversely, 
purified ACTH exerts a therapeutic effect in the collagen diseases in man. Experiments 
were designed to test the possibility that DCA acts by inducing a relative deficiency of 
cortisone-like steroids. 

Difficulty has been encountered in constantly reproducing pathologic alterations by 
DCA administration. Significant pathologic changes were observed in the following 
experiment. Twenty-three male rats were unilaterally nephrectomized and given 0.9 per 
cent sodium chloride to drink. The animals were divided into three groups: I, untreated; 
II and III, implanted with twelve 15 mg. pellets of DCA. In group III in addition, the 
animals were injected subcutaneously with 1.0 mg. of ACTH thrice daily. The animals 
were autopsied thirty days after the beginning of hormone treatment. DCA induced 
cardiac and renal hypertrophy; ACTH did not influence the action of DCA on heart 
size, but appeared to have a slight inhibitory effect upon renal enlargement. DCA caused 
interstitial myocarditis, periarteritis nodosa (particularly in the pancreas) and focal 
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vlomerulitis in varying degrees of intensity. ACTH, given simultaneously with DCA, 
reduced the incidence and degree of severity of the lesions. 


37. The Response of the Adrenal Cortex and Thyroid Gland to ACTH and Cortisone in 
Patients with Hypothyroidism and the Nephrotic Syndrome. 
S. R. Hill, Jr. (by invitation), P. H. Forsham (by invitation), M. Roche (by invita- 
tion) and G. W. Thorn. 


Department of Medicine, Harvard Medical School and the Medical Clinic, Peter 
Bent Brigham Hospital, Boston. 


Patients with untreated myxedema show a delayed and often inadequate adrenal 
cortical response to ACTH as measured by the 4-hour and 48-hour change in eosinophil 
level and the 48-hour change in 17-ketosteroid excretion. The administration of desic- 
cated thyroid restores the capacity of the adrenal to respond readily to ACTH. From 
this it would appear that an optimal level of thyroid is necessary for normal adrenal 
cortical function. 

Cortisone, administered to a patient with postoperative hypothyroidism receiving 
suboptimal thyroid therapy, induced. a rise in BMR, without changing the serum protein- 
bound iodine (PBI). Cortisone apparently increased the peripheral effect of a constant 
quantity of thyroid hormone. 

Following the administration of ACTH or cortisone to patients with euthyroidism, 
hypothyroidism or hyperthyroidism, the serum PBI, I'*' accumulation gradient, and 
serum cholesterol are either depressed or unchanged. 

In patients with the nephrotic syndrome given ACTH or cortisone, a rise in the 
initially low serum PBI, a constant or increased I'*! uptake by the thyroid, no change in 
BMR, an increased serum cholesterol level which falls following discontinuance of ad- 
renal hormone and a prompt diuresis have been observed. The significance of these 
metabolic changes in the nephrotic syndrome is discussed. 


38. The Effect of Small Dosages of ACTH Protein and ACTH Peptides in Cases of Rheu- 
matoid Arthritis. 
Rolf Luft, Bjorn Sjogren (by invitation) and Choh Hao Li. 


Serafimerlasarettet, Stockholm, and Department of Biochemistry, University of 
California, Berkeley, and Biokemiska Institutionen, Uppsala Universitet, Uppsala. 


A comparison of the metabolic effect as the result of administration of small dosage 
(3 to 13 mg., daily dose, divided into six injections) of ACTH protein and its peptides was 
studied in 3 patients suffering from severe rheumatoid arthritis. As previously reported 
(Luft, Sjogren and Li: Acta endocrinologica 3: 299, 1949), ACTH peptides produced sim- 
ilar metabolic patterns as they did with the hormone protein. The pure ACTH prepara- 
tion was isolated from sheep pituitaries by a method previously described (Li, Simpson 
and Evans: Science 98: 450, 1942 J. Biol. Chem. 149: 413, 1943) and the ACTH peptides 
obtained by pepsin digestion as described by one of us (Li: Transactions of Josiah Macy 
Conference on Metabolic Aspects of Convalescence, 17th meeting, p. 114, 1948). 

The changes in the excretion of water, sodium, chloride and potassium were con- 
sistently obtained even at the lowest daily dose (3 mg.) tested. The changes in urinary 
nitrogen and lymphocyte counts were very small and insignificant. In every dosage tested 
excellent therapeutic effects were apparent within twenty-four hours after the onset of 
hormonal inejctions. 
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The joint fluid was also examined before and during the period of hormonal treatment. 
Significant changes were obtained. 


39. Erythrocyte Sedimentation Rate in DCA and Cortisone Treated Animals. 
Hans Selye and Niall Carey (by invitation). 
Institut de Médecine et de Chirurgie Expérimentales, Université de Montréal, 
Canada. 

Previous studies showed that rheumatoid lesions may be produced experimentally by 
prolonged exposure to stress or administration of mineralocorticoids (desoxycorti- 
costerone and desoxycortisone). Furthermore, a striking reduction in the E.S.R. is 
caused by cortisone in patients suffering from various diseases. Hence, we examined the 
E.S.R. (micro-sedimentation technique of Cutler) in rats receiving DCA and/or corti- 
sone. 

Four groups of black and white female rats weighing 60-80 mg. were used: I, normal; 
II, DCA; III, DCA and cortisone; IV, cortisone. DCA, 2.5 mg. (microcrystalline suspen- 
sion 25 mg. per cc.), was injected for eighteen days and 1.25 mg. daily for a subsequent 
thirty-six days; 1.25 mg. of cortisone was administered daily. Blood was taken from the 
tail into a crucible containing dried mixed ammonium and potassium oxalate (0.1 ce. of 
solution). Three drops of blood made an adequate sample. 

The results showed a small but statistically significant increase of the E.S.R. in the 
DCA-treated group; in group IV, the E.S.R. was extremely low and almost negligible 
after one hour. In group III, when these hormones were administered together, the blood 
sedimentation rate was intermediate but statistically significantly lower than in those 
receiving only DCA. Detailed tables are presented. 


40. Oral Steroid Administration in Rheumatoid Arthritis. 
Harry Freeman (by invitation) and Gregory Pincus. 
Worcester Foundation for Experimental Biology, Shrewsbury, and the Arthritis 
Clinic of the Memorial Hospital, Worcester. 


The effect of orally administered A5-pregnenolone was studied in over 40 cases of 
rheumatoid arthritis. The medication was administered in doses usually of 500 mg. 
daily for an average of six weeks. Striking improvement after a latent period of one to 
two weeks was noted in 50 per cent of the cases; mild improvement was seen in 30 per 
cent; no improvement occurred in 20 per cent. In those subjects in whom medication 
was discontinued, improvement was maintained on an average of six weeks. In patients 
in whom urinary steroid determinations were made there was generally an increase in 
the output of 17-ketosteroids. No toxic effects were noted. Preliminary study has been 
made of the administration of a varjety of related steroids. 


Conjoined Program with American Diabetic Association 


2.00 P.M.—HOWARD F. ROOT AND E. A. DOISY, PRESIDING 


41. Growth Hormone and Experimental Diabetes. 
F. G. Young. 
School of Biochemistry, Cambridge, England. 
Anterior pituitary growth hormone is diabetogenic in the intact adult dog and cat. 


but not in the puppy or the kitten, nor in the pregnant or lactating adult dog or cat. It 
is not consistently diabetogenic in the adult members of any of the other species investi- 
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vated with the possible exception of the ferret. In some species the diabetogenic activity 
of growth-promoting pituitary extracts is readily demonstrable if partial pancreatec- 
tomy is first performed, but in this respect different strains of rats may differ. Under some 
conditions, e.g., in the cow in declining lactation, growth hormone may exert a striking 
stimulus to milk production. These results are consistent with the view that growth 
hormone renders protein available for certain physiologic processes at the expense of fat, 
and that diabetes may develop as the pathologic outcome of the undue emphasis of such 
1 physiologic stimulus in conditions under which the material made available cannot 
completely be utilized physiologically. 


12. ACTH Diabetes in Man. The End-Organ Response Versus the Adrenocortical 


Response. 
Jerome W. Conn. 


Department of Internal Medicine, University of Michigan, Ann Arbor. 


In some normal persons administration of ACTH is capable of producing a defect in 
carbohydrate metabolism which is similar to that observed in spontaneous diabetes 
mellitus of man. The fact that other normal individuals, similarly treated, fail to de- 
velop significant hyperglycemia and glycosuria requires explanation. Two major pos- 
sibilities exist: 1) qualitative or quantitative differences in adrenal steroid output when 
ACTH is given, and 2) differences in end-organ responsiveness to a given level of quali- 
tatively similar corticoids. Resolution of these questions may have broad implications 
not only with respect to diabetes susceptibility and its hereditary aspect, but also with 
reference to a variety of abnormal clinical states which, despite apparently normal ad- 
renal cortical function, respond to supernormal levels of adrenocorticoid activity. 

We have observed that the individual who is susceptible to the diabetogenic effect of 
ACTH, is susceptible as well to the diabetogenic effect of cortisone (Compound E). 
On the other hand, individuals resistant to the diabetogenic effect of ACTH are also 
resistant to the same dose of cortisone which produces diabetes in the ACTH-susceptible 
person. These findings indicate that a major difference between diabetes susceptiblity 
and diabetes resistance among so-called normal people given ACTH, lies in end-organ 
responses to ‘‘1l-oxysteroid’’ activity rather than to qualitative or quantitative differ- 
ences in adrenal steroid production. The end-organ susceptibility to the diabetogenic 
effect of ‘‘11-oxysteroid” activity probably involves, at the enzyme level, decreased insu- 
lin production and/or cellular resistance to the physiologic effects of insulin. 

Differences in individual end-organ responses to physiologic amounts of adrenocor- 
ticoids may be the basis for a variety of diseases which improve when greater than 
physiologic degrees of steroidal activity are accomplished. Such a concept is in line with 
present lack of evidence of abnormal adrenal cortical function in many diseases which 
respond to ACTH and cortisone. 


43. Studies on Carbohydrate Metabolism in Adrenal Cortical Hypersecretion. 
P. H. Forsham (by invitation), G. W. Thorn, T. F. Frawley (by invitation) and 
D. L. Wilson (by invitation). 
Department of Medicine, Harvard Medical School and the Medical Clinic, Peter 
Bent Brigham Hospital, Boston. 
A twenty-four hour epinephrine test has been found useful in the definite evaluation 
of the degree to which anterior pituitary ACTH secretion participates in any given case 
of Cushing’s syndrome. Whereas normal subjects fail to show more than a 10 per cent 
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rise in 17-ketosteroid excretion when 0.3 mg. of epinephrine is administered intramus- 
cularly every six hours for one day, a patient with adrenal hyperplasia and a responsiv« 
pituitary ACTH mechanism was shown to increase 17-ketosteroid excretion by 100 pe) 
cent. Following pituitary irradiation, patients with persistent adrenal hyperplasia faile: 
to respond to epinephrine in the aforementioned manner. On the basis of this test, pitui- 
tary irradiation may be undertaken rationally. However, normal blood sugar levels in 
untreated Cushing’s syndrome should make one cautious in employing x-ray therapy t 
the pituitary, since relative hypoglycemia with continued obesity has been observed i: 
patients in whom the adrenal cortical activating mechanism has been destroyed by sucl: 
therapy. A very large functional reserve of the islet tissue appears probable on the basis 
of the following findings: Normal fasting blood sugar levels are found in certain patients 
in spite of marked osteoporosis, a high titer of 11-oxysteroids and an adrenal cortical! 
reserve, as estimated by the 48-hour test, as high as ten times normal. Patients treated 
with ACTH for periods exceeding two weeks show diabetes only infrequently. Following 
25 mg. of ACTH intramuscularly, blood sugar in 12 diabetics rose an average of 55 mg. 
per cent (range 11-134), whereas the same dose in 5 patients with adrenal hyperplasia 
led to a rise of only 16 mg. per cent (range 8-30). Whereas 100 mg. of cortisone leads to 
only a 10 mg. elevation of blood sugar in the Addisonian, the administration of as little 
as 5 mg. a day to 2 diabetic Addisonians produced marked glycosuria. The role of the 
adrenal cortex in the production of permanent hyperglycemia in man appears much 
less important than that of an absolute insulin deficiency. 


44, Modification of the Metabolic Effects of Adrenocorticotropic Hormone and Growth 
Hormone by the Administration of a Diet High in Potassium Chloride. 
Leslie L. Bennett, John E. Whitney (by invitation) and Constantine Glafkides 
(by invitation). 
Division of Physiology, Institute of Experimental Biology, and the Division of 
Medicine, University of California, Berkeley. 


Two groups of normal ‘“‘plateaued”’ female rats of 5 animals each were fed a constant 
amount of a diet containing 600 or 72 mg. of extra KCl per day. In both groups the cata- 
bolic effect (increase in urinary nitrogen excretion) of ACTH was abolished. The feeding 
of extra KCl had, by itself, no effect upon the nitrogen balance. The feeding of 600 mg. of 
extra KCl per day increased the anabolic effect (decrease in urinary nitrogen excretion) 
of 500 gamma of GH per day and a greater gain in body weight was produced by the 
GH. From preliminary experiments in partially depancreatized diabetic rats, it would 
appear that the high potassium diet reduced both the increase in urinary nitrogen and 
the increase of glycosuria resulting from the administration of 3 mg. or 7-8 mg. of 
ACTH per day. Sodium retention occurred in the animals fed the high KCl diet. From 
other preliminary experiments, it would appear that the high KCl diet enhanced the 
increase in glycosuria produced by 3 mg. per day of GH. Retention of both Na and K 
was produced by GH. The increase in glycosuria and increase in urinary nitrogen pro- 
duced by the administration of 11-dehydro-17-hydrocorticosterone (cortisone) to diabetic 
rats was not impaired by the feeding of a diet high in KCl. 
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45. Observations on the Pathogenesis of Cushing’s Syndrome. 
Randall G. Sprague, Harold L. Mason and Marschelle H. Power (by invitation). 


Division of Medicine and the Division of Biochemistry, Mayo Foundation, 
Rochester. 


It has previously been suspected that many of the features of Cushing’s syndrome 
are attributable to overproduction of cortisone-like steroid hormones by hyperfunction- 
ing adrenal cortices (Albright; Kepler, Sprague, Mason and Power). The experimental 
induction of most of the characteristic features of the syndrome in human subjects by 
the administration of relatively large doses of cortisone (up to 200 mg. daily) for pro- 
tracted periods has provided additional support for this proposition. The features so 
induced include some that were previously attributed to excess of cortisone-like steroids: 
muscular weakness, cutaneous striz, impaired glucose tolerance, negative nitrogen and 
calcium balance, lymphopenia, eosinopenia and increased urinary excretion of corti- 
costeroids. 

In addition, hypochloremic hypokalemic alkalosis, edema and hypertension, which 
had been tentatively attributed to overproduction of desoxycorticosterone-like com- 
pounds, and amenorrhea, acne and hirsutism, which had been tentatively attributed to 
overproduction of adrenal androgens, have been observed in patients receiving only cor- 
tisone. Rounding of the facial contours and a cervicodorsal hump have also been ob- 
served. 

These observations support and extend the hypothesis that many of the features of 
Cushing’s syndrome may be due to overproduction of cortisone-like hormones. On the 
other hand, the participation of other types of steroid hormones in the pathogenesis of 
the syndrome has not been excluded. 


46. Pathways of Corticosteroid Synthesis. 
O. Hechter, R. P. Jacobsen (by invitation), R. Jeanloz (by invitation), H. Levy 
(by invitation), G. Pincus and V. Schenker (by invitation). 


Worcester Foundation for Experimental Biology, Shrewsbury, and the Depart- 
ment of Physiology, Tufts Medical School, Boston. 


In previous work, we have reported the 11(8) hydroxylation of 11-desoxycorticos- 
terone (DOC) (Am. Chem. Soc. 71: 3261, 1949), 17-hydroxy 11-desoxycorticosterone 
(compound § of Reichstein) and other steroids (Arch. Biochem., in press, 1950) by means 
of perfusion through beef adrenal glands. In the present work, data are presented which 
demonstrate that DOC perfusion leads exclusively to corticosterone. No crystalline 
steroid transformation product other than corticosterone was obtained when DOC was 
perfused via the adrenal arteries or vein with either blood, plasma, or artificial media 
containing a variety of vitamins, in the absence or presence of added ACTH. Bioassay on 
nonfractionated perfusate residues revealed that the entire glycogenic activity could be 
accounted for in terms of chemically isolated corticosterone, confirming the view that 
only a single product is formed. 

Perfusion of corticosterone through beef glands led only to the recovery of starting 
material, no 11-dehydrocorticosterone or 17-hydroxy corticosterone being formed. 

The inability of the isolated gland to introduce the 17-hydroxyl function into DOC or 
to convert the 11(8) hydroxyl to 11-keto suggests that at least two pathways for the 
secretion of corticosteroids may be operative in vivo, one involving a precursor containing 
the 17-hydroxyl function (X S F) the other involving a 17-hydrogen precursor 
(asin Y DOC corticosterone). 
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From these studies, ACTH would appear to activate an early, but not the final, step 
in corticosteroid synthesis. 


47. The Islets of Langerhans in Man Visualized by Phase Contrast Microscopy. 
W. Stanley Hartroft (by invitation). 
Banting and Best Department of Medical Research, University of Toronto, 
Toronto. 

Experiments with animals recently conducted in this laboratory have indicated that 
the size of the granules in the beta cells of the islets of Langerhans may vary in response 
to physiologic stimuli. Under certain conditions, granule-size may provide a more sensi- 
tive index of the endocrine activity of these cells, than does a consideration only of the 
numbers of granules present. The use of phase contrast microscopy in conjunction with 
the staining techniques of Gomori and Bowie has enabled clearer visualization of the 
granules than was previously possible with the standard microscope. Observations have 
been made concerning not only number, but also size of the granules present in the beta 
cells in autopsy material from both diabetic and nondiabetic patients. Applications to the 
general problem of the diagnosis of diabetes mellitus from the examination of microsec- 
tions of pancreas are discussed. 


48. The Incidence of Vascular Disease in Diabetes. 
E. T. Bell (by invitation). ‘ 


Department of Pathology, University of Minnesota, Minneapolis. 


This study is based upon 1,214 autopsies on subjects who had diabetes at the time of 
death. The forms of vascular disease are coronary atherosclerosis, gangrene, encephalo- 
malacia, cerebral hemorrhage, myocardial failure from hypertension, and uremia from 
renal atherosclerosis. Deaths from coronary disease are about twice as frequent in males 
and three times as frequent in females with diabetes as in nondiabetic persons. Gangrene 
of the lower extremities is forty times as frequent in diabetics as in nondiabetics. Over 
one-half of diabetics over 50 years of age die from some form of vascular disease. Inter- 
capillary glomerulosclerosis is found in about 25 per cent of all diabetics, and is much 
more frequent in females. When diabetes has its onset in the first or second decades, the 
frequency and severity of vascular disease is much greater in those who survive over 15 
years than in cases of shorter duration. But when the onset is as late as middle life, the 
influence of the duration of the disease is not impressive. 

The beta granules in the pancreas are often greatly reduced, especially in young dia- 
betics. A combined study of the pancreas and the kidneys now enables the pathologist 
to recognize diabetes at autopsy in about 85 per cent of the cases. 


TO BE READ BY TITLE 


49. The Effect of Desoxycorticosterone Acetate (DCA) on Blood Pressure and Renal 
Function in Human Subjects. 
Rolf Luft, and Bjorn Sjogren (by invitation). 
Serafimeralasarettet, Stockholm, Sweden. 
In healthy or in hypotensive subjects the administration of 20 mg. of DCA and 10 mg. of 
NaCl daily gave a mean increase of blood pressure of 15 (systolic) and 10 (diastolic) mm 


Hg. The increase was statistically significant. 
In hypotensive patients having arterial orthostatic anemia the normalization of blood 
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pressure was simultaneously followed by complete relief of symptoms and disappearance 
of the orthostatic mode of reaction. On account of these findings patients with severe 
orthostatic hypotension have been successfully treated with DCA in pellets. 

In cases of chronic renal disease with normal blood pressure, DCA and NaCl induced 
hypertension with a mean rise of systolic blood pressure of 46 mm. Hg. Both the healthy 
subjects and the patients with renal disease showed an equal reduction of hematocrit 
readings, number of red blood cells and comparable increase of body weight during DCA 
treatment. However, some cases of organic renal disorder of a special type did not react 
with blood pressure increase. 

The inulin and diodrast clearances were studied in 12 cases before and after DCA 
treatment. The glomerular filtration rate increased by 20.3 ml. per minute—4.6, the fil- 
tration fraction by 6.0—1.0. There was a tendency to decrease of renal blood flow, but 
the change was not statistically significant. 

DCA also produced an increase of the peripheral vascular resistance, most pronounced 
in the afferent arterioles. 


50. Studies on Circulating Growth Hormone. 
Francis 8. Greenspan (introduced by Choh Hao Li). 


Institute of Experimental Biology, University of California, Berkeley. 


An attempt was made to estimate the level of circulating growth hormone by measur- 
ing the effect of injection of human plasma on the width of the epiphyseal cartilage of the 
hypophysectomized rat (the tibia test), Specimens of plasma were obtained from 54 ac- 
tively growing children, 9 adults and 3 patients with acromegaly. Some of the latter spe- 
cimens were obtained from the internal jugular vein. None of these samples produced 
a significant tibia test response. In an effort to concentrate growth hormone in plasma, 
studies were made on the recovery of pure growth hormone added to plasma. The 
globulin fraction of plasma was found to contain most of the activity of the added hor- 
mone. Sera from 26 actively growing children were fractionated with methanol at 3° 
C., and both albumen and globulin fractions were assayed by means of the tibia test. 
Again no conclusive evidence of growth hormone activity could be obtained. The limita- 
tions and implications of these data are discussed. 


51. Estrogenic Interruption of Broodiness in the Fowl. 
R. George Jaap and Edward F. Godfrey (by invitation). 


Ohio State University, Columbus. 


The efficacy of diethylstilbestrol in interrupting broodiness has been tested with 152 
hens which became broody during their first laying year. Fifteen mg. of diethylstilbestrol 
injected subcutaneously in a 1 ml. sesame oil solution at the site of the lateral breast 
apteria successfully interrupted broodiness in 28 out of 37 hens. Doubling the dosage 
(30 mg. in 2 ml. of sesame oil) resulted in discontinuance of broodiness in 113 of 115 
hens so treated. Reproductive performance was similar in 12 pairs of females in which 
the psychologic method of interrupting broodiness was compared with a single 30 mg. 
injection. 

Though 30 mg. of diethylstilbestrol may appear to be an extremely large amount, tests 
on duration of the estrogenic stimulus by the capon feather test demonstrated a dura- 
tion of only three to five days. Considering the results from previous research, the authors 
believe that interruption of broodiness was not a ‘“‘shock effect.” The high estrogen level 
induced by this single massive dosage apparently produces a temporary pseudo- 
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hypophysectomy (Nalmandon, et al.: Endocrinology 36: 251, 1945). Tests are planned 
to obtain comparative assays on the prolactin content of the blood and hypophysis of 
broody and estrogenically interrupted hens. 


52. Response to Estrone of Intraocular Endometrial Implants of Littermates in Female 
Rabbits with Uteri Intact. 
Elly M. Jacobsen (introduced by Clara M. Szego). 


Department of Zoology, University of California, Los Angeles. 


An earlier report (Endocrinology 34: 376, 1944) described a growth response to estrone 
of intraocular endometrial homotransplants in adult castrate female rabbits, either com- 
pletely or incompletely hysterectomized as determined by a photographic-planimeter 
method (Endocrinology 32: 345, 1943): (a) 2.5 1.u./Kg. administered every other day did 
not maintain the transplants; (b) 5 1.u./Kg. did, at an average level of +5 per cent; (c) 
10, 25, and 50 1.u./Kg. evoked a response of +8 per cent, +10 per cent, and +12 per 
cent, respectively; (d) 100 1.u./Kg. gave a +16 per cent response; and (e) 500 1.u./Kg. 
resulted in unpredictable, irregular responses, producing deleterious changes in the endo- 
metrium. No significant difference was demonstrable between completely and incom- 
pletely hysterectomized groups, suggesting growth of intraocular endometrium was 
independent of the uterus and related directly to circulating hormone level. The present 
investigation reveals that this tentative conclusion requires modification. Animals with 
uteri intact, prepared with heterotransplants from uteri of littermate donors, were cas- 
trated and replacement estrone therapy given at 2.5, 5, and 100 1.u./Kg. In all cases, 
increased response with respect to the earlier series occurred: the 2.5 1.u./Kg. maintained 
and promoted growth of +10 per cent; 5 1.u./Kg., of +12 per cent; and 100 1.v./Kg., 
of +28 per cent. Less daily fluctuation occurred prior to castration and replacement ther- 


apy. This study is being extended to include a homotransplant series. Reason for the in- 
creased growth response to estrone noted in the heterotransplants remains to be eluci- 
dated ; however, the presence of an intact uterus may increase the sensitivity of the im- 
plants to exogenous estrone. 


53. Quantitative Studies on the Production of Pseudopregnancy by Estrogens. 
Albert Segaloff. 


Department of Medicine, Tulane University and the Alton Ochsner Medical 
Foundation, New Orleans. 


Vaginal smears were made from groups of adult female Fisher rats each morning 
until the regularity of cycle was established. Groups of 8 to 10 of such regularly cycling 
females were then started on daily injections of a sesame oil solution of the steroid. 
The injections were started in proestrus, or if a proestrus smear was not obtained, on 
the first day of estrus. The same preparation was assayed by the uterine weight method in 
immature females of the same strain. 

Two types of response were noted: 1) when the dosage was sufficient, the normal estrus 
period was followed by a period of diestrus (pseudopregnancy) and after the diestrus 
phase there followed continuous estrus; 2) in some instances, in which the amount of 
estrogen was small in terms of uterine weight activity, there was no period of diestrus 
and the vaginal smears indicated an almost entirely continuous estrus. 

The duration of induced pseudopregnancy, for each compound (e.g., a-estradiol and 
estrone) was proportional to the amount of steroid administered. However there was only 
general correlation between duration of pseudopregnancy and the uterine weight re- 
sponse. With some estrogen degradation products (e.g., estrololactone), it was not possible 
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to attain adequate pseudopregnancy with the amount of material which could be ad- 
ministered, although reaction (2) could be obtained easily. 


54. The Agreement of Clinical Diagnosis with Vaginal Smears, As Shown by the Evalua- 
tion of Symptoms, and Glycogen Index. 
Manuel M. Villaverde. 


Ntra. Sra. de las Mercedes Hospital, Havana, Cuba. 


The purpose of this work was to study the agreement existing between the ovarian 
function, clinically considered, and the picture revealed by vaginal smears, glycogen 
index, and colpocytogram. One hundred and fifty cases were studied; tests were per- 
formed about the eighteenth day of the cycle. The smears were stained with Shorr’s single 
differential stain, and with iodine vapors (at least two smears for each patient). 

The clinical estimation of symptoms of either hypergonadal or hypogonadal states 
was based on the criteria of leading endocrinologists. The estimation of smears was con- 
ducted according to instructions from Shorr, and Mack. Results were as follows: 


No. of Cells! Glycogen index? 
Normal 68 62.2% (12.5-100) 59.8% (12.5-87.5) 
48 50-75% 
57 50-87.5% 
Hyperestrogenism 16 78.7% (62.5-100) 77.8% (62.5~-100) 
11 75-100% 
12 75-100% 
Hypo-ovarianism 53 33.7% (12. 5-75) 27.3% (0-75) 
31 25-50% 
32 12.5-37.5% 
Lack of ovarian function 13 11.5% (0-37.5) 12.5 (0-25) 
11 0-12.5% 
10 0-12.5% 
1 Percentage of cornified cells and large superficial noncornified cells with small nucleus. 
2 Percentage of cells stained in brown with iodine vapors. 


The percentage of cells and the glycogen index, as found about the eighteenth day of 
the cycle, are in close agreement, and roughly express: 

Lack of ovarian function, when they are below 15 per cent. 

Ovarian insufficiency, when between 25 per cent and 50 per cent (the glycogen index 

somewhat lower). 

Normality, when between 50 per cent and 75 per cent (the glycogen index somewhat 

higher). 

Hyperestrogenism, when over 75 per cent. 

Evidence presented by vaginal smears cannot be considered definitive proof of any 
condition; some show indices above or below the range of the group, but the smear, to- 
gether with the evaluation of clinical symptoms, is a very valuable aid for achieving a 
correct diagnosis. 


55. The Effect of Steroid Hormones Applied Directly to Senile Human Skin. 
Joseph W. Goldzieher, William B. Rawls (by invitation), Irene 8. Roberts (by 
invitation), and Max A. Goldzieher. 


Research Department, St. Clare’s Hospital, New York City. 


The effect of steroid hormones applied directly to the senile human skin has been 
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studied. Alpha-estradiol, alpha-estradiol benzoate, beta-estradiol, estrone, testosterone, 
testosterone propionate, pregnenolone, ethyl androstendiol, and vitamin D; were inves- 
tigated. From the data availabie at this time, alpha-estradiol and alpha-estradiol benzo- 
ate, estrone, testosterone and testosterone propionate produced a regeneration of the 
epidermis and the elastic apparatus. Pregnenolone produced no histologically demonstra- 
ble effects. These histologic changes are correlated with histochemical findings and 
reflectance spectra of the intact skin both in the visible and the ultra violet range. 


56. Oral Administration of Wheat Germ Oil Concentrate as an Aid in the Reduction of 
Pregnancy Complications. 
Wynne M. Silbernagel and James B. Patterson (by invitation). 


Columbus, Ohio. 


The good results obtained from the therapeutic administration of wheat germ oil con- 
centrate in the management of threatened abortion suggested the value of prophylactic 
administration of this product to a large series of private obstetric patients. This series 
consisted of 750 consecutive private patients and none was excluded because of such 
conditions as toxemia, syphilis, or diabetes. 

Since controlled experiments are not possible in dealing with obstetric patients, a care- 
ful analysis was made of histories of 1,973 consecutive obstetric patients. In addition a 
punch-card analysis was made of 32,689 obstetric patients delivered in Franklin County, 
Ohio, to determine the expected incidence of threatened abortion, spontaneous abor- 
tion, toxemia, stillbirth, neonatal death, prematurity and the survival rate of prema- 
tures. 

A study was then made of this series of 750 consecutive private obstetric patients to 
whom the concentrate was given from the first visit until delivery. There was a marked 
reduction of all the complications of pregnancy. 

Eighty-seven per cent of these patients began taking the concentrate between the 
third and sixteenth weeks of gestation. The threatened abortion rate was lowered to 9.6 
per cent with an actual abortion rate of only 3.4 per cent. The incidence of toxemia was 
2.2 per cent with maternal and fetal survival rates of 100 per cent. Premature births 
occurred in 3.8 per cent with a survival rate (all classes) of 60 per cent (uncorrected). The 
stillbirth rate was 0.5 per cent the neonatal death rate 1 per cent (uncorrected). 

When abortion threatened, the dosage of wheat germ oil concentration ‘vas increased 
and the patients were kept ambulatory. 

From the results obtained, the conclusion is drawn that the prophylactic administra- 
tion of wheat germ oil concentrate is a valuable aid in the reduction of the incidence of 
the complications of pregnancy. 


57. The Role of the Liver and Kidney in the Metabolism of Intravenous Testosterone by 
Human Subjects. 
C. D. West (by invitation), Harold Brown (by invitation), Frank H. Tyler and 
L. T. Samuels. 
Departments of Biochemistry and Medicine, University of Utah College of 
Medicine, and Veterans Administration Hospital, Salt Lake City. 


It has been demonstrated in experimental animals by many investigators that both 
the liver and kidney are involved in the metabolism of testosterone. This study was 
undertaken to determine the effect of liver and kidney diseases in the human on the 
metabolism of intravenous testosterone. The results were correlated with other pro- 
cedures for measuring liver and kidney function. 
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Following intravenous administration of solutions of testosterone in 25 per cent 
albumin, the blood and urine concentrations of 17-ketosteroids were lower in cases of 
liver disease than in normal controls. Patients with kidney disease also had a decreased 
concentration of 17-ketosteroids in the urine but the blood levels were higher than 
normal, 

These data indicate that patients with liver disease have a decreased ability to 
metabolize administered testosterone. Patients with kidney disease seem able to metabo- 
lize the administered testosterone adequately, but unable to excrete the metabolic 
products normally. 


58. Frequency of Retarded Bone Age in a Group of Enuretic Children. 
R. M. Archibald. 


Hospital of the Rockefeller Institute for Medical Research, New York City. 


Of 239 children, from 6 to 17 years of age, in an endocrine clinic, 126 had a bone age 
of six or more months below that which was average for the chronologic age. At least 
39 (31 per cent) of the latter and 17 (15 per cent) of the remainder had enuresis. Here, 
both enuresis and delayed bone age was found more frequently than in a control group 
attending the rheumatic fever clinic in the same hospital. In these 56 known enuretic 
children the bone age was retarded by more than six months in 39 (Group A, 70 per cent) ; 
was within six months of average in 12 (Group B, 21 per cent); and was advanced by 
more than six months in 5 (Group C, 9 per cent). Methyl testosterone linguets, 5 mg., 
were given daily to 16 enuretic children. Improvement was observed usually within 
seventy-two hours. In Group A, relief was complete in 9, partial in 2 and absent in 1. 
One showed complete and one partial relief in each of Group B and C. When relief was 
only partial with 5 mg., doubling the dose produced a less favorable response. With- 
drawal of treatment after thirty days resulted in a partial relapse in a few who responded 
equally well to a second course. No appreciable acceleration in skeletal or sexual matura- 
tion was observed as a result of treatment. By no means all enuretic children have re- 
tarded bone ages, but a larger percentage with retarded osseous maturation have enuresis 
than is the case among children in general. Relief of enuresis by methyl testosterone 
administration is not limited to, but is most satisfactory in, children with delayed osseous 
maturation. 


59. Clinical Experience with the Use of Cortisone Acetate Pellets in the Treatment of 
Adrenal Cortical Insufficiency. 
G. W. Thorn, P. H. Forsham (by invitation), T. F. Frawley (by invitation) and 
S. R. Hill, Jr. (by invitation). 
Department of Medicine, Harvard Medical School and the Medical Clinic, Peter 
Bent Brigham Hospital, Boston. 

Fifteen patients with classic Addison’s disease and one with Sheehan’s syndrome have 
been treated with pellets of cortisone acetate implanted subcutaneously in dosages 
varying from 200 to 1,000 mg. The pellets were aseptically prepared from acetone- 
sterilized, dried, cortisone acetate crystals. They were cylindrical (diameter, 0.3 mm., 
length 7-12 mm.) and averaged 150 mg. in weight. The mean daily rate of dissolution 
approximated 0.5 mg. +0.1 for each 50 mg. implanted. The useful span of such pellets 
ranged between three and six months. All patients showed striking clinical improvement 
characterized by increased energy, appetite, improved mental acuity, mild euphoria 
and increased resistance to hypoglycemia. In the patients receiving the larger dosage 
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(750-1,000 mg. of cortisone pellets) the electroencephalogram showed an increase in 
rate. The thyroid I" accumulation gradient was reduced and the previously positive 
water excretion test returned toward normal. For adequate electrolyte regulation 
supplementary sodium chloride or desoxycorticosterone therapy was necessary in most 
instances. One gram of cortisone acetate pellets appears to be a very valuable adjunct 
in the maintenance treatment of Addison’s disease, although this dosage is insufficient 
to protect the patient from major stress. 


60. A Study of Adrenal Cortical Response in Health and Disease. The 48-Hour ACTH 
Test. 
M. Roche (by invitation), P. H. Forsham (by invitation), C. C. Forsham (by 
invitation) and G. W. Thorn. 
Department of Medicine, Harvard Medical School and the Medical Clinic, 
Peter Bent Brigham Hospital, Boston. 


ACTH was administered to 100 subjects for forty-eight hours, with an initial dose of 
25 mg., followed by 10 mg. every six hours. Changes in eosinophils and i7-ketosteroid 
excretion were chosen as criteria of adrenal cortical activation. 

In 35 patients without adrenal insufficiency a 77 per cent fall in eosinophils occurred 
at the end of forty-eight hours, with an increase of 10.1 mg. in 17-ketosteroid excretion in 
15 males and 7.2 mg. in 20 females, whereas Addisonians showed no significant change. 
Most patients with hypopituitarism failed to respond to a single injection of ACTH, but 
showed a normal eosinophil and 17-ketosteroid 48-hour response. The failure to obtain a 
rise in 17-ketosteroids in 5 of 6 patients with marked hypothyroidism suggested impair- 
ment of adrenal cortical function in this disease. Patients with Cushing’s syndrome 


showed an average increase of 30 mg. of 17-ketosteroids, whereas a group of females with 
hirsutism without Cushing’s syndrome showed little increase over the high initial value 
The prolonged administration of cortisone induced adrenal cortical atrophy as mani- 
fested by an impaired response to the 48-hour test. This test appears to be of great value 
in assaying adrenal cortical function capacity. 


61. The Effects of ACTH, and of Steroid Compounds upon Ketolysis in Diabetic and 
Nondiabetic Human Subjects. 

Sheldon Margen, George Michaels (by invitation), Charles Mudrick (by invita- 
tion), Harry Barton (by invitation) Robert Reiss and Laurance Kinsell. With the 
technical assistance of Gerald Anderson, Lila Suiter, Maxine Hutchin and Don 
Myers. 
Metabolic Research Unit, University of California-U. S. Naval Hospital, Oakland, 
and the Division of Medicine, University of California Medical School, San 
Francisco. 


As previously described, ACTH administration produces major effects upon ketone 
metabolism. To determine whether this effect was referable to increased ketolysis or to 
change in a metabolic pathway of the catabolized fatty acids, a standard ketone in- 
fusion technic was devised. This procedure consisted of: (a) the infusion of sodium 
acetoacetate over a 30-minute period, in an amount equivalent to 200 mg. of acetone per 
kilogram of body weight; (b) the obtaining of blood specimens at 0, 15, 30, 45, 60, 90, and 
120 minutes during and following the infusion. Ketones, sugar, and other determinations 
have been performed on these specimens. Urinary ketones have also been determined. 

In the normal individual, reproducible ketone curves have been obtained. 
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Normal and abnormal subjects have been studied in relation to (a) rate of ketone 
utilization under constant conditions, without any treatment; (b) rate of ketone utiliza- 
tion during the administration of ACTH and of steroid compounds. The implications of 
the findings in relation to the mechanism of ACTH effect upon ketone metabolism are 


discussed. 









62. Administration and Subsequent Withdrawal of ACTH, Studied Simultaneously in a 
Gouty Father and His Hyperuremic Son. 
W. Q. Wolfson, C. Cohn (by invitation), W. Wise (by invitation) and 8. Sideman 
(by invitation). 
Department of Biochemistry, Medical Research Institute, and the Department of 
Orthopedic Surgery, Michael Reese Hospital, Chicago. 








On three successive days, M.G. (tophaceous gout, psoriasis) and O.L.G. (genetic 
hyperuricemia, migraine) each received 100 mg. of Adactar-gelatin (adsorbed adreno- 
corticotropin, Armour, in gelatin base). Sixty-two hours after the final dose, M.G. noted 
sudden weakness and malaise. Acute gouty arthritis began three hours later. It became 
increasingly severe and polyarticular until terminated therapeutically. In O.L.G. 
equally severe weakness and malaise developed, with intermittent migraine for forty- 
eight hours, but no acute gouty arthritis. 

The presence in O.L.G. and absence in M.G. of prompt “rebound” counter-regulation 
to ACTH-lack was clearly apparent in metabolic functions believed to be under mineralo- 
corticoid control. For other ACTH-regulated functions, such differentiation was less 
clear. 

Asymptomatic genetic hyperuricemia apparently need not necessarily be accom- 
panied by marked susceptibility to acute gouty arthritis provoked by ACTH-with- 
drawal. Elsewhere we have hypothesized: 1) that the appearance of genetic hyper- 
uricemia in a predisposed carrier may be regulated by an abnormal adrenocortical 
androgen, 2) that, in addition, hypothalamo-pituitary unresponsiveness to acute 
ACTH-lack is required for the development of clinical gouty arthritis. The present ob- 
servations appear consistent with this dual endocrine mechanism of clinical gout. 






















63. Increased Adrenal Cortical Function Accompanying Prolonged Remission Induced 
by ACTH in Myasthenia Gravis. 
B. Katz (by invitation), M. Katz (by invitation), W. Q. Wolfson, C. Cohn and 
B. B. Rubenstein. 
Department of Biochemistry, Medical Research Institute, Michael Reese Hospi- 
tal, Chicago. 

A clinical remission, continuing uninterruptedly since October 1949, was induced by 
eight daily 25 mg. doses of Adactar (adsorbed adrenocorticotropin, Armour), a long- 
acting ACTH preparation. As reported by Torda and Wolff, remission did not begin 
until ACTH administration was ended and gradual improvement continued for a con- 
siderable period thereafter. Metabolic observations summarized in Table 1 suggested 
that some degree of chronic increase in adrenal cortical function accompanied this pro- 
longed remission. 

It is suggested that this patient met the state of ACTH-lack induced by ACTH- 
withdrawal by producing a sustained increase in adrenal cortical function. If this in- 
terpretation is correct, this response would contrast sharply with that of gout patients 
who ordinarily respond to ACTH-lack only slowly and imperfectly. 
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Table 1 


Before During First Later 
ACTH ACTH ~ week off weeks off 
* ACTH ACTH 


Prostigmine required, mg./day 255 255 145 75 
Head lifting, number/day 1 2 r 15 
Serum chloride, mEq./L 103 109 104 106 
Serum bicarbonate, mM/L 27 28 26 30 
Serum sodium, estimated* 143 151 143 150 
Serum urate, mg.% 5.3 3.9 5.1 4.9 
Vane arene 0.30 0.41 0.35 0.53 
Urine creatinine 
at ela peerenat 0.30 0.47 0.48 0.58 
Urine creatinine 
eats Meprenee 063 117 072 112 
Creatinine clearance 

* Estimated as 1.1 times the sum of serum chloride plus bicarbonate. 





64. Adactar and Adactar-Gelatin: Pituitary Adrenocorticotropin Preparations with 
Prolonged Activity. 
W. J. Wolfson, R. E. Thompson and C. Cohn. 


Department of Biochemistry, Medical Research Institute, Michael Reese Hospi- 
tal, and the Department of Pharmacology, The Armour Laboratories, Chicago. 


Maximum effectiveness from aqueous ACTH requires administration at six-hour 
intervals. The limitations of such schedules for chronic and ambulatory management of 
disease are obvious. In Adactar (adsorbed adrenocorticotropin, Armour), ACTH is ad- 
sorbed on a colloidal aluminum phosphate carrier which withstands lyophilizing and 
autoclaving well. In normal adults, eosinophil counts are depressed to an average of 50 
per cent of basal levels, twenty-four hours after a 50 mg. injection of Adactar. Single 
daily doses of Adactar have enabled satisfactory management in rheumatoid and 
psoriatic arthritis, acute gouty arthritis, myasthenia gravis, and disseminated L.E. 
Some patients have received Adactar daily for several months. Adactar-gelatin is 
lyophilized Adactar resuspended in gelatin base. Relatively limited experience indicates 
detectable residual activity forty-eight hours after a single dose. 

Neither preparation is optimal for routine clinical applications, since both produce 
variable local reactions on the day following injection. However, in no case have reac- 
tions been sufficiently severe to require returning to aqueous preparations. 


65. The Effect of Crude Anterior Preparation on Haemopoiesis in Normal, Thyroidec- 
tomized and Gonadectomized Rats. 
Niall Carey (introduced by Hans Selye). 
Institut de Médecine et de Chirurgie Expérimentales, Université de Montréal, 
Canada. 

As previously reported, hormonal agents especially lyophilized anterior pituitary 
(LAP) produce a myeloid metaplasia in many tissues under experimental conditions. In 
the present experiments additional haemogram and myelogram studies were made in con- 
junction with histologic examination. 
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LAP was injected daily in a dose of 40 mg. for thirty days into female hooded rats 
on purina diet and water ad lib. Similarly treated controls received 40 mg. of lyophilized 
cattle liver in two divided doses daily. 

Peripheral blood studies on intact rats treated with LAP showed a reticulocytosis; 
the red cell count was normal. A small but consistent increase in total white cells (17,000 
to 20,000) was noted over the untreated and protein-injected control groups. No im- 
mature cells were detected in the differential count. 

Histologically, the spleen was seen to contain many giant megakaryocytes, and peri- 
portal infiltrations of myeloid islets were evident in the liver. In the gross, both of these 
organs were markedly increased in weight (the spleen by 100 per cent). The bone mar- 
row showed marked myeloid hyperplasia as compared to the controls. Cell counts 
showed an increase in the number of ring cells and staff neutrophils. The role of the thyro- 
tropic and gonadotropic principles in this myeloid response is discussed on the basis of 
comparable studies in thyroidectomized and gonadectomized rats. 


66. Thyroid Extract Versus Thyroxine. Critical Evaluation with Particular Reference to 
Functional Infertility. 
A. R. Abarbanel. 
Department of Obstetrics and Gynecology, Institute of Experimental Medicine, 
College of Medical Evangelists, Los Angeles. 


It has been a common experience for a few patients not to respond to thyroid extract 
therapy even in greater than physiologic doses. Twenty-four such patients have been 
carefully studied with particular reference to infertility. It was found that within a dose 
range of 2 to 3 grains (130 to 195 mg.) daily of thyroid extract (Armour or Parke, Davis), 
little if any benefit accrued as far as the basal metabolic rate (BMR) was concerned. 


Moreover, clinical improvement did not occur. 

When these same patients were given thyroxine 0.25 to 0.5 mg. daily, definitive re- 
sponse occurred within three to six weeks in the BMR. In about three months, there oc- 
curred clinical improvement in the following respects: 

1. Establishment of more regular menses. 

2. Improvement in luteal function as evidenced by histologic examination of endo- 
metrial biopsy specimens (including glycogen deposition) and basal body temperature 
curves. 

3. Definitive increase in the number of sperm and duration of motility. 

4. Occurrence of pregnancy in many patients. These pregnancies went to term even 
in 3 cases of habitual abortion. 


67. Thyrotoxin Neuropathy. 
Max A. Goldzieher, Thomas H. McGavack and Joseph W. Goldzieher. 


Research Department, St. Clare’s Hospital, and the Department of Medicine, 
New York Medical College, New York City. 


Two unusual cases of thyroid hyperfunction are presented in which the outstanding 
features were of neuropathic type: retrobulbar neuritis, oculomotor paralysis and reflex 
changes simulating multiple sclerosis. These symptoms appeared in the absence of 
exophthalmos. The neuropathy was clearly dissociated from the classic symptoms of 
hyperthyroidism in one case; it developed during a phase characterized by elevated 
serum cholesterol level and low basal metabolic rate, which subsequently gave way to 
the typical picture of hyperthyroidism. Subtotal thyroidectomy was followed by disap- 
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pearance of the typical and the neurologic symptoms. In the other case, after control 
with antithyroid drugs, the only residual symptom was the long-standing optic atrophy, 
which did not show substantial.improvement. Literature on the neurotoxic effects of 
thyroid hormone is discussed. 


68. The Treatment with Desiccated Thyroid of Periodic Behavior Disturbances As- 
sociated with Menses, in Mentally Defective Patients. 
Meyer M. Harris and Theodora M. Abel (by invitation). 


New York State Psychiatric Institute and Letchworth Village, New York City. 


A group of mentally defective female patients at Letchworth Village, who had 
periodic behavior disturbances associated with the menstrual cycle, were treated with 
desiccated thyroid. There was a marked amelioration of this disturbance in behavior in a 
number of these patients. 

A number of different psychologic tests carried out before and during the prolonged 
period of thyroid therapy showed no change in the mental status of these patients. There 
also were no manifestations of hypothyroidism in these patients either clinically or in 
their basal metabolic rate. The doses of thyroid were increased gradually over a period of 
weeks from | grain to 6 and 8 grains. Marked improvement was observed only when the 
larger doses of about 6 grains were administered. 


69. Hypopituitary Myxedema, A Noncachectic Form of Simmonds’ Disease. Report 
of Five Cases, Emphasizing the Significance of Plasma Cholesterol Levels. 
Leela S. Craig, Roberto F. Escamilla and Gilbert 8. Gordan. 


Endocrine Clinic, Division of Medicine, University of California ‘School of 
Medicine, San Francisco. 


The observation that the clinical appearance of myxedema may be closely simulated 
by a condition other than primary hypofunction of the thyroid has been repeatedly 
confirmed since the graphic description of pituitary myxedema by Means, Hertz and 
Lerman in 1940. This concept has been strengthened by a number of case reports, to 
which this communication adds 5. 

The syndrome masquerades as myxedema, but history, physical examination, labora- 
tory findings, and response to thyroid therapy may indicate the difference between the 
primary and secondary types of myxedema. History of onset post partum especially, if 
the patient has been in shock or has had a hemorrhage, early loss of sexual function, 
symptoms or signs of other disturbances of pituitary function, chiasmal involvement 
(bitemporal hemianopsia and changes in the sella turcica), and a low or normal plasma 
cholesterol level will call attention to the possibility of hypophyseal origin for the 
myxedema.’ Experimental evidence of others has verified the influence of the pituitary 
upon the cholesterol level. 

Untoward results from administration of small doses of thyroid, as well as a departure 
from the normally gratifying results of therapy in myxedema, may accentuate the 
divergence from primary hypothyroidism. Since adrenal insufficiency, which may 
terminate fatally, may be provoked by normal doses of thyroid substance, the necessity 
for supplemental salt, desoxycorticosterone acetate, or adrenal cortical extract is em- 
phasized. Addition of gonadal steroids may -be beneficial, as in other forms of hypo- 
pituitarism. 
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70. Cushing’s Syndrome from Adrenal Cortical Tumor with Special Reference to the 
Surgical Mortality: A Report of Three Cases and Review of the Literature. 
M. B. Goldberg, Gilbert 8. Gordan, William C. Deamer (by invitation), Frank 
Hinman, Jr. (by invitation) and Elliot Rapaport (by invitation). 
Divisions of Medicine, Pediatrics, and Urology, University of California School of 
Medicine, San Francisco. 


_The high mortality associated with resection of adrenal cortical tumors producing 
Cushing’s syndrome has led the authors to review critically their own 3 recent cases, 
the total experience at the University of California Hospital, and over 200 cases of 
primary adrenal cortical tumors reported in the past twenty years. 

An attempt was made to classify each case on the basis of the probable type or types 
of hormones produced, as deduced from the clinical and laboratory data, 7.e., pre- 
dominantly estrogenic, androgenic, corticoid (Cushing’s), mixed, or nonhormonal. Rare 
tumors apparently productive of chorionic gonadotropin or of insulin-like compounds 
also were noted. 

Surgical and over-all mortalities were correlated with such factors as hormonal mani- 
festations, the presence or absence of metastases, state of the opposite adrenal and pre- 
operative and postoperative therapy. 

The data support the general impression that the surgical mortality rate of corticoid- 
producing tumors is the highest by far of the various groups. Furthermore, although 
the eventual mortality in all groups is great, only a very small number of individuals with 
Cushing’s syndrome who survived operation were ultimately cured, because of the fre- 
quency of recurrences or metastases. 


71. Growth and Maturation in a Case of Idiopathic Precocious Puberty. 
Leona M. Bayer. 


Department of Medicine, Stanford University School of Medicine, San Francisco. 


A female child whose regular menses started at 7 months, has been followed through 
her sixth year. Developmental data collected at semi-annual intervals permit an analysis 
of her patterns of growth, as these compare with normative growth standards. Besides 
medical examinations, observations include anthropometric measures, skull, hand and 
knee roentgenograms, photographs, mental tests and hormone studies. 

Calculations of height increments show a pubertal growth spurt superimposed on the 
normal childhood rate. Stature predictions, by Dr. Nancy Bayley, based on successive 
height and skeletal age readings demonstrate a gradually decreasing growth potential, 
as maturation advances relatively faster than absolute size. Body build, as described by 
anthropometric indices and photographs, follows a path of premature somatic differ- 
entiation. Intellectual development has been geared to chronologic age rather than to 
maturation, and has been disturbed by emotional instability. Hormone levels are in the 
normal adult range. 

This longitudinal case study documents the processes by which the original tallness 
and overdevelopment associated with precocious menarche are converted to the well- 
known end result of dwarfism in maturity. 
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72. Familial Insulin-Resistant Diabetes Mellitus. 
Myron §. Arrick (introduced by E. A. Doisy). 


University of California Hospital, San Francisco. 


A 24-year-old white female was studied because of insulin-resistant diabetes, hi-- 
sutism, hypertension and bilateral ovarian tumors. Preoperatively the patient was given 
as much as 1,040 units of insulin before each meal, with no effect on her blood sugar or 
glycosuria. A bilateral oophorectomy was performed. The right ovary contained a 
cystadenofibroma and the left, multiple follicular cysts with a thickened capsule. Ad- 
renals of normal size, shape and consistency were palpated during the operation. Post- 
operatively the patient’s hirsutism improved but her diabetes remained refractory to 
insulin. A total of 21,600 units of insulin was given in eighteen hours postoperatively, 
with little effect on the blood or urine sugar. Hormonal, antibody and metabolic studies, 
including the effect of ACTH, desoxycorticosterone, androgens and estrogens, were 
performed over a period of eight months. The results of these studies are discussed. 
Limited information regarding the patient’s brother indicates that he also has insulin- 
resistant diabetes mellitus. It is probable that the patient’s sister died a few years ago 
of insulin-resistant diabetes mellitus complicated by a cerebral hemorrhage. 


73. Adjuvant Use of Pregnenolone in Seminal Inadequacy. 
A. R. Abarbanel. 


Department of Obstetrics and Gynecology, Institute of Experimental Medicine, 
College of Medical Evangelists, Los Angeles. 


Since September 1947, 50 patients with oligospernia have been treated with preg- 
nenolone (A5-pregnene-3ol-20-one), one of the steroids which Leathem as well as Selye 
reported could maintain spermatogenesis in hypophysectomized male rats. 

Semen was judged inadequate if the count was low, motility poor, or abnormal sperm 
heads were high. The criterion of oligospermia was a count of 30 million per ce. or less, 
on three or more occasions. Poor motility was ascribed to an estimated motility of 20 per 
cent or less in four hours and/or 10 per cent or less in eight hours after ejaculation. Poor 
quality was assigned to specimens with 21 per cent or more abnormal sperm heads, ac- 
cording to the methods of W. W. Williams. 

Pregnenolone was administered intramuscularly either in oil or aqueous suspensions. 
The dosage ranged from 40 to 400 mg. a week, the average being 200 mg. a week. Injec- 
tions were given twice a week for twelve weeks, followed by a rest period of four weeks. 
The successive series were given for a period of up to two years. 

There were 15 cases in which pregnancy occurred. Most of the men did show an im- 
provement in the quality of the semen, increased duration of active motility usually being 
first to occur, followed by a not infrequent increase in count. 

Critical analysis of the many variable factors concerned (count, motility, per cent of 
abnormal forms) will be presented. On this basis, no definitive conclusion as to the man- 
ner by which pregnenolone improves the quality of semen seems apparent at present. 
Whether it is an indirect constitutional one or a direct gonadal one or a combination of 
both, requires further study. At the present time it is suggested that in some manner 
the fertilizing capacity of the sperm is probably enhanced. It is hoped that this report 
may stimulate further studies. 
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74. A Simple Method for the Determination of Neutral 17-Ketosteroids, Based on a 
Novel Means for the Removal of Interfering Pigments. 
I. J. Drekter, Alexander Heisler (by invitation) and Thomas H. McGavack. 


Metropolitan Hospital Research Unit, New York Medical College, New York 
City. 

Sodium hydroxide pellets under controlled conditions will effectively remove urinary 
pigments without removing 17-ketosteroids. Pellets are also effective in removing the 
phenolic and acidic fraction, as is aqueous alkali. It has the further advantage of not 
requiring a water wash. Based on this principle, a method is proposed using ethylene 
dichloride as the solvent. Thirty-milliliter glass-stoppered bottles are used in the hy- 
drolysis, extraction, and impurity-removal steps. This permits the use of ordinary me- 
chanical shakers for precise standardization of extraction and impurity-removal time. In 
almost all cases, the urine pigment blank need not be determined. In those cases in which 
pigment still persists, a second treatment with pellets is efficacious. 

Data also indicate that pellets remove a major portion of the nonketonic fraction. 
The Zimmermann colors of the purified urinary extracts more closely approximate 
dehydroisoandrosterone. Under the same conditions, some improvement in the Petten- 
koffer reaction for dehydroisoandrosterone is noted. 


75. Studies with Pregnenolone. 1. Nitrogen and Electrolyte Balance. 
Jonas Weissberg (by invitation), Jacqueline Chevalley (by invitation) and 
Thomas H. McGavack. 


Metropolitan Hospital Research Unit, New York Medical College, New York 
City. 

Eleven subjects have been placed upon short-term balance regimes in an effort to 
delineate the behavior of nitrogen and electrolytes during administration of pregnenolone 
in doses ranging from 100 to 400 mg. 

Feeding regimes included: 

a. Basal maintenance diet with low salt intake (sodium 6/10 Gm.); 
b. Average diet for sedentary worker, with adequate salt. 

The trends on these two regimes were the same, namely, the development of negative 
balance for nitrogen and potassium and a slight tendency to retain sodium and chloride. 
No specific weight trend could be ascribed to the drug. Chloride behaved similarly to the 
sodium. Comment is made also about calcium and phosphorus and upon the output of 
uric acid, creatinine and 17-ketosteroids. 


76. Studies with Pregnenolone. 2. Clinical Applications. 
Thomas H. McGavack, Jacqueline Chevalley (by invitation) and Jonas Weiss- 
berg (by invitation). 
Metropolitan Hospital, Research Unit, New York Medical College, New York 
City. 

To date, pregnenolone has been administered to approximately 40 patients with 
various diseases, half of whom were arthritics varying in age from 10 to 76 years. Two- 
thirds were women. Some degree of improvement was shown in 6 of 7 patients with 
rheumatoid arthritis and 6 of 8 patients with hypertrophic arthritis showed slight im- 
provement. Two patients with lupus erythematosus were markedly improved, both as 
regards their sense of well-being and the skin lesions. One case of malignant exophthalmos 
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was markedly relieved. Four patients with Addison’s disease obtained slight improve 
ment, but in no instance was this as marked as with desoxycorticosterone or with desoxy- 
corticosterone plus testosterone. Among the other conditions in which the drug has been 
tried were erythema nodosum, hypothyroidism, hypothalamic obesity, diabetes mellitus 
with dermato-myositis and several conditions in which pain of nonspecific character wa~ 
a feature. 

Effective daily doses varied from 100 to 40 mg., and duration of treatment has varie 
from one week to four months. No toxic effects of the drug have been observed. Partic- 
ular emphasis should be placed upon the fact that no tendency to hirsutism and diabetes 
has been noted, even with the largest doses. 

At present, it is our belief that contribution can be made to the therapy of lupus 
erythematosus, rheumatoid arthritis, gouty arthritis and malignant exophthalmos. 


77. The Effect of Female Hormones on the Basal Body Temperature. 
M. James Whitelaw. 


Phoenix, Arizona. 


In 3 cases of pituitary amenorrhea, orally administered ethinyl estradiol, 0.05 mg- 
daily, failed in one-half the trials to decrease the basal body temperature. Its effects were 
not constant, even in the same patient, on repeated administrations. Progesterone sub- 
lingually in a daily dose of 125 mg. for five consecutive days failed to cause a rise in the 
curve, even though there was evidence of a secretory endometrium. In those cases in 
which it was possible to raise the basal body temperature by injections of progesterone or 
by buccal administration, it was impossible to maintain the rise for over seven days. 
Withdrawal of progesterone, in cases in which there had been a rise, was usually followed 
by a prompt drop in temperature on the day succeeding the withdrawal. Bleeding usually 
followed on the next day. A study of the basal body temperature in normal menstruating 
women showed in some instances a slow-rising curve with pregnancy ensuing on the 
third day, a biphasic or triphasic curve with pregnancy ensuing on the last day, and a 
failure of the basal body temperature to fall at the time of bleeding, with no pregnanediol 
in the urine. It is concluded that estrogens and progesterone do not satisfactorily explain 
the biphasic type of basal body temperature curve in the normal ovulating woman. 


78. The Treatment of Juvenile Acne with Topical Estrogens. 
M. James Whitelaw. 


Phoenix, Arizona. 


During the past six years the author has treated 76 cases of typical juvenile acne in 
boys ranging in age from 13 to 18. Inunction of sodium estrone sulfate in a cream base, 
using approximately 0.325 mg. of the hormone daily, resulted in a marked improvement 
in skin texture and tone within fourteen days in 90 per cent of those treated. In boys 
treated six months or longer, 55 per cent showed marked improvement, 21 per cent 
showed slight improvement and 24 per cent failed to respond. In only 1 instance were 
the lesions made worse. In a series of 23 girls, ranging in age from 13 to 19, receiving the 
same treatment, only 21 per cent responded satisfactorily and 12 per cent showed 
moderate improvement. Of the 67 per cent that failed to respond, a definite accentuation 
of the acne was noted in 26 per cent. In both series no other form of therapy or diet was 
used during the test period. There was no evidence in the adolescent male of any deleteri 
ous effects from the inunction of female hormone in the dosage used. 
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79. Acetoxypregnenolone. 
George Joyce Hall. 


Sacramento, California. 


In 1941, Dr. Erwin Schwenk made acetoxypregnenolone (AOP) for me. It is: 21- 
hydroxypregnenolone-21-acetate. It is chemically related to desoxycorticosterone ace- 
tate, but is not found in the adrenal cortex. It has been used in various species of labora- 
tory animals by numerous investigators (bibliography references of this type total 45). 
It has some of the physiologic activities of DOC, and it has a high grade of various other 
adrenocortical activities in various species of laboratory animals. Growth, survival, 
maintenance of body weight, progestin activity and possibly a low degree of anti- 
estrogenic effect have been reported by some investigators. It is seemingly one of the 
least toxic chemicals known. Whether, in large doses, it may exert specific, useful thera- 
peutic effects is not yet known because adequate quantities are still not available for a 
large series of case reports. : 

AOP has been used in testing action on synovial membranes of animals, with the 
conclusion by one group that AOP and cortisone have the same order of activity with 
respect to the joints, with the advantage for AOP that diverse metabolic actions of the 
adrenocortical steroids are not also produced at the same time. 

One clinical investigator reported to the manufacturer that over 50 per cent of 34 
patients who had rheumatoid arthritis were improved by AOP and by pregnenolone 
similarly. Two of these were unaffected. Another clinician reported no improvement 
during the treatment of 2 rheumatoid arthritic patients with AOP. 

A large number of patients have received it here in 5 mg. doses intramuscularly and 
sublingually—after anti-estrogenic therapy had been symptomatically effective, and 
with apparent maintenance of the lowered estrogen level. 


The use of daily doses of 50 mg., 100 mg., and 200 mg. in an effort to control the size 
of uterine fibroids, the amount of cyclic bleeding and the hyperestrinism has been some- 
what disappointing. There is, however, a maintenance of the previously lowered level of 
estrinism by known anti-estrogenic materials, but it seems to have little ability to offset 
severe hyperestrinism by itself. When masculinization following androgen therapy was 
imminent and when serum reactions might be expected following too many doses of 
prolactin, AOP has been used to maintain the lowered levels of estrogen. 





GRADUATE COURSE IN PEDIATRIC ENDOCRINOLOGY 
HARVARD MEDICAL SCHOOL 


The Harvard Medical School announces an intensive graduate course in 
Pediatric Endocrinology and Metabolic Disease, October 2-7, 1950, 9:00 
A.M. to 4:30 p.m. daily, by Dr. N. B. Talbot and Staff, Children’s Medical 
Service, Massachusetts General Hospital. For details, write: Courses for 
Graduates, Harvard Medical School, Boston, Massachusetts. 








